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Movements of Human Diaphragm During Cardiac Cycle in 
Respiratory Pause. 

Axcel Keys. 

From the Laboratory of Physiological Hygiene, University of Minnesota, 
Minneapolis, Minn. 


Diaphragmatic “tug,” accompanying ventricular systole in man, 
has been recognized for many years (cf., c.g., Mackenzie, 1 ). It has 
not been analyzed but it has been stated that it “can produce but 
little movement upward because of the inertia of the heavy abdom- 
inal organs.” (Hamilton. 1 ) 

By means of the multiple slit roentgenkymograph of Stumpf 3 the 
component of motion in any given plane of moving boundaries 
between regions of differing radiographic density can be accurately 
determined for intervals of time down to about 0.03 second. We 

l Mackenzie, J., Diseases of the Heart, 1913, 2nd ed., London. 

- Hamilton, W. F., Am. J. Physiol., 1930, 91 , 712. 

3 Stumpf, P., Fortsch. Eontgenstr., 1928, 36, 3. 
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have used this procedure for measuring the size change and stroke 
output of the heart during a single cardiac cycle (Keys and Friedell 4 ). 

Stumpf 5 noted a cephalad movement of the diaphragm during 
systole and also stated that this movement may be reversed in the 
more lateral region of the diaphragm. We have studied a large 
number of roentgenkymograms (R.K.G.S) to get quantitative 
measures of these movements as recorded in posterior-anterior, 
lateral, and oblique views during respiratory pause, in all of which 
we have made both vertical and horizontal R.K.G.S at a film to target 
distance of 66 inches. Mathematical analysis of the measurements 
from tracings on these R.K.G.S was made by regarding the dia- 
phragm as a frustrum of a dome of elliptical section. Rather than 
assume exact conformity to a simple geometrical form, the displace- 
ments recorded were integrated over a large number of steps. 

Fig. 1 reproduces the tracing of the horizontal component of motion 
of both heart and diaphragm in the p.a. view in a typical case (normal 
young man 5 minutes after moderate exercise) . Here, as is generally 



Fio. i. 

Horizontal component of motion of tlie licnrt and diaphragm, posterior-anterior 
view. Exact tracing of position of boundaries at full left ventricular diastole and 
tho next succeeding systole during respiratory pause (moderate inspiration). 

Normal young man. 

- Kcygj A ) and Friedell, H. L., Paoc. Soc. Exp. Biol, and Med., 1938, 40, 267; 


Am J. Physiol ., 1939, 120, 741. 

6 Stumpf, P., Weber, H. H., and Weltz, G. A., Bontgenlcymographische ifeweg- 
i mgslehre innercr Organs, 1936, G. Thieme, Leipzig. 
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the case. both right and leit diaphragms moved lateral.}' m systole 
and this motion is greatest (maximum 15.5 nr.) on the leit sice 
near the apex or the heart The vertical component of motion in the 
p.a. view in this case showed cephalad motion of the leit and central 
diaphragm, greatest near the apex (maximum 4.5 mm), but with ap- 
parent paradoxical motion of most of the right diaphragm (maxi- 
mum 5 mm). This again is generally- the case, as is the appearance 
of paradoxical motion in the posterior portion of the central and leit 
diaphragm when studied in the lateral R.K.G. 

The total net motion of the diaphragm is always such as to reduce 
the volume of the thorax during systole. Since the 4 hints necessary 
cannot be mace simultaneously, exact values cannot fee given but in 
the young mar. whose R.K.G. tracing is shown here (Fig. 11. the 
total net volume change of the thorax computed from the p.a. and 
lateral R.K.G.S was about 50 cc. of which approximately SOfb was 
the resultant of lateral (’horizontal) motion and 20 fc was pure ver- 
tical elevation of the diaphragm. The small value for the net ver- 
tical component results from the paradoxical vertical motion of the 
diaphragm. In this illustrative case the mean stroke output (left 
ventricle) was about 70 cc from our method of calculation (Keys ar.d 
FriecelP ). The volume reduction of the thorax during the cardiac 
cycle always corresponds to at least a large fraction of the stroke out- 
put. These observations on the diaphragm lend further support to our 
comention that the total heart size in mar. is markedly reduced in 
systole ar.d that this reduction is closely related to the stroke output. 

V\ e have also studied S cases of pneumoperitoneum by these 
methods. In these cases the viscera are removed from the peri- 
toneum by 5 to 15 cm ar.d no: only the free diaphragm but also the 
whole of the caudal portion of the heart are made sharply vistble. 
The results are in full agreement with our observations on normal 
individuals where the heart and diaphragm are less fully visualized. 

It should be noted that these diaphragmatic and cardiac movements 
m man are r.ot necessarily identical with those in animals ( Hamilton 
and Romp I") which do not maintain the erect posture ar.d which 
possess a different architecture about the heart (absence of rigid 
mediastinum, presence of a frenulum attachment to the apex of the 
heart, etc.). In man. alteration of posture or of the respiratory 
prase changes the form of the movement. For example, the move- 
ments of the diaphragm are more difficult to viStisliz* m fcxoirciion 
and they tend to disappear in the Valsalva experiment. In all cases 
the total thoracic volume tends to diminish in systole by an amount 


iftr, ion. 
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which appears to correspond to a large fraction of the systolic dis- 
charge. During respiration these passive movements are obscured 
by the active movements of the diaphragm but if the stroke volume 
is large and respiration is very quiet traces may still be visible in the 
R.K.G. 

Summary. In man during respirator)’ pause there are changes in 
the position of the diaphragm during the cardiac cycle so that in 
ventricular systole the total thoracic volume is smaller than in di- 
astole. Calculation of the net thoracic changes involved integration 
of measurements of both vertical and horizontal components of 
motion in posterior-anterior and lateral projections. The reduction 
in thoracic volume amounts to a large and apparently rather constant 
fraction of the cardiac stroke output. 
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Production of Bradycardia in Normal Man by Neosynephrin* 
(l-a-hydroxy-/?-methylamino-3-hydroxy-ethy]benzene 
hydrochloride). 

Ancel Keys and Antonio Violante. 

From the laboratory of Physiological Hygiene, University of Minnesota, 
Minneapolis, Minn. 


It is well known that heart rate and blood pressure do not rise in 
equivalent degree after administration of different sympathomimetic 
drugs. Ethylnor-suprarenin (3-4 dihydroxy-phenyl-1 -amino-2- 
butanol-l ) produces a rise in pulse rate and a fall in blood pressure 
(Cameron, et al. 1 ). Neosynephrin (3-hydroxyphenyl-l-methylam- 
ino-2-ethanol-l ) increases the blood pressure with a relative fall in 
the pulse rate (Johnson 2 ). 

The production of relative bradycardia by sympathomimetic drugs 
has generally been ascribed to reflexes produced by the elevated blood 
pressure arising in the aortic arch and the carotid sinus. Such an 
effect can be demonstrated in man when small doses of epinephrine 
are used; the heart rate and blood pressure rise together but after 
some minutes the rate may fall while the blood pressure is still 

_ WQrk has been supported by a fellowship grant to the University of 

-Kt- hv Frederick Stearns and Company. 

i Cameron, W. SI., Crismon, J. SI., Wlritsell, L. J„ and Tainter, SI. L., Hharm., 

iqq7 <52, 318. 

I' Johnson, C. A., Surgery, Gyn., Obst., 1936, 63, 35. 
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above normal. When continuous electrocardiographic records are 
made before, during and after injection of a small dose of epineph- 
rine in man, we have found an immediate but very transient slow- 
ing of the heart (Fuchs 3 ). Large doses of some of these drugs 
may produce ventricular bradycardia as a result of block, crypto- 
systole and general cardiac damage. 

We have studied the cardiac and vasomotor responses in normal 
man to epinephrine, neosynephrin hydrochloride and synephrin tar- 
trate (d-a-hydroxy-/LmethylaminO'4 hydroxy-ethylbenzene tar- 
trate). Alt studies were made in basal rest on 14 trained subjects, 
who received subcutaneous injections at intervals of several days. 
Each subject was studied at various dosages of all 3 drugs. 

Synephrine tartrate produced no effects on pulse, blood pressure 
or the electrocardiogram in doses up to 60 mg. Epinephrine pro- 
duced the classical results as well as the very transient slowing and 
occasionally the late reflex slowing mentioned above. 

Neosynephrin consistently produced an immediate marked brady- 
cardia which persisted from 30 to 90 minutes. Relative tachycardia 
never appeared except occasionally in very slight degree as the last 
effects of the drug were wearing off. The results were not changed 



Fig. 1. 

Typical courao of Wood pressure and pulse following subcutaneous injection 
of 5 mg of neosynephrin in a normal young man in the basal state. 

s Fuchs, R. T., J. Pharm., 1938, 03, 143. 
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when the subject was kept seated instead of prone. The threshold 
subcutaneous dose was from 1 to 2.5 mg in young adults from 110 
to 180 lb in weight. 

Fig. 1 shows the typical changes resulting from a rather small 
dose of neosynephrin. The pulse immediately starts to decline, 
reaching a constant low level at 7 to 10 minutes after injection. At 
the same time the diastolic blood pressure rises but the systolic pres- 
sure does not rise until the diastolic pressure and pulse changes are 
well established. With these rather small doses the systolic pressure 
rise is small and the pulse pressure is generally diminished. With a 
10 mg injection (as is frequently used for the clinical dose) the initial 
time course is the same but the systolic pressure continues to rise so 
that the pulse pressure is eventually increased above normal. With 
the 10 mg dose the pulse rate may fall to 30 beats per minute and be 
maintained at 35 to 45 for as long as SO minutes. 

The electrocardiographic records are interesting. The rhythm is 
perfectly normal with no change in the PR interval though the RT 
interval (duration of systole) may be very slightly prolonged. There 
is no slurring of QRS in any of the leads at any time. Very 
rarely there may be inversion of P, especial!}- in lead 3. Aside from 
the extreme bradycardia, the most notable change is a marked ele- 
vation of the T wave in all leads and a diminution of the P wave. 
In several cases the P wave practically disappeared and the E.C.G. 
would indicate A.V. nodal rhythm. Neither A.V. nor bundle branch 
block appeared. In a single case when a 10 mg dose was given to a 
small athletic woman there was a short period when the E.C.G. 
record could be interpreted as showing retrograde conduction or 
complete A.V. dissociation at equal rhythm. 

The general appearance is that neosynephrin produces a primary 
bradycardia by inhibition of the sino-auricular node and this is rela- 
tively independent of blood pressure reflexes over the vagus nerve. 
Neosynephrin does not appear to accentuate the carotid sinus reflex ; 
Nathansoir 1 reported it is effective in preventing syncope resulting 
from pressure on the carotid sinus. No distress or subjective ex'- 
citement was reported by the subjects, several of whom were trained 
observers, in these extreme bradycardias. 

Summary. Neosynephrin injected subcutaneously into normal, 
trained subjects in the basal state produces an immediate bradycardia 
and rise in diastolic pressure; systolic pressure rises later. The 
threshold is from 1 to 2.5 mg and pulse rates from 30 to 45, per - 

■; Nathanson, M. H., Arch. Internal Med., 1930, 683. 



Separation of Coproporphyrins 1 and 3 


7 


sisting for as long as SO minutes, are produced by 5 to 10 mg. The 
E.C.G. remains normal with no change in A.V. or ventricular con- 
duction time but there is a fall in the potential of the P wave and a 
rise in the T wave. 
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A Method of Separating Small Quantities of the Coproporphyrin 

Isomers 1 and 3. 

C. J. Watson and Samuel Schwartz. 

From the Division of Internal Medicine, University of Minnesota Hospital, 

Minneapolis. 


Quantitative separation of the naturally occurring coproporphyrin 
isomers (1 and 3) has hitherto been impossible. Crystallization has 
usually permitted identification of the porphyrin predominating in 
any given mixture, such as obtained for instance from urine and 
feces. 1 ' 4 This, however, has required that relatively large amounts 
of porphyrin be available. The present investigation was undertaken 
with the purpose of finding a means by which mixtures consisting of 
as little as 5-10 y of total coproporphyrin could be resolved quanti- 
tatively. 

We have found that the methyl esters of coproporphyrins 1 and 3 
are quantitatively adsorbed on Brockmann’s A1 2 0 3 * under the con- 
ditions noted in the following. The ester of coproporphyrin 3 may 
be eluted quantitatively with 35% acetone in water while that of 
copro-1 remains adsorbed, and is later removed by elution with pure 
acetone. The various steps in the procedure are as follows : ( 1 ) Es- 
terification of the total, free porphyrin mixture in methyl alcohol 
saturated with HCi gas. (2) Dilution with equal volumes of dis- 
tilled water, followed by neutralization of the HCI with a saturated 
aqueous solution of sodium acetate, which is added drop by drop 
with constant stirring until the solution no longer turns Congo paper 
blue. Ten percent NH 4 OH is then added drop by drop until the 
mixture becomes pink to phenol red. (A few drops of an aqueous 

1Wats0Il! c j ciin. Invest., 1935, 14, 10ft ~ 

2 Watson, C. J., J. Clin. Invest., 1936, 15, 327. 

3 Dobriner, K., J. Biot. Chem., 1936, 113, 1. 

4 Watson, C. J., J. Clin. Invest., 1937, 1C, 383. 

•Merck and Company, Inc. 
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when the subject was kept seated instead of prone. The threshold 
subcutaneous dose was from 1 to 2.5 mg in young adults from 110 
to ISO lb in weight. 

Fig. 1 shows the typical changes resulting from a rather small 
dose of neosynephrin. The pulse immediately starts to decline, 
reaching a constant low level at 7 to 10 minutes after injection. At 
the same time the diastolic blood pressure rises but the systolic pres- 
sure does not rise until the diastolic pressure and pulse changes are 
well established. With these rather small doses the systolic pressure 
rise is small and the pulse pressure is generally diminished. With a 
10 mg injection (as is frequently used for the clinical dose) the initial 
time course is the same but the systolic pressure continues to rise so 
that the pulse pressure is eventually increased above normal. With 
the 10 mg dose the pulse rate may fall to 30 beats per minute and be 
maintained at 35 to 45 for as long as SO minutes. 

The electrocardiographic records are interesting. The rhythm is 
perfectly normal with no change in the PR interval though the RT 
interval (duration of systole) may be very" slightly prolonged. There 
is no slurring of QRS in any of the leads at any time. Very 
rarely there may be inversion of P, especially in lead 3. Aside from 
the extreme bradycardia, the most notable change is a marked ele- 
vation of the T wave in all leads and a diminution of the P wave. 
In several cases the P wave practically disappeared and the E.C.G. 
would indicate A.V. nodal rhythm. Neither A.V. nor bundle branch 
block appeared. In a single case when a 10 mg dose was given to a 
small athletic woman there was a short period when the E.C.G. 


record could be interpreted as showing retrograde conduction or 
complete A.V. dissociation at equal rhythm. 

The general appearance is that neosynephrin produces a primary 
bradycardia by inhibition of the sino-auricular node and this is rela- 
tively independent of blood pressure reflexes over the vagus nerve. 
Neosvnephrin does not appear to accentuate the carotid sinus reflex ; 
Nathan son 4 reported it is effective in preventing syncope resulting 
from pressure on the carotid sinus. No distress or subjective ex- 
citement was reported by the subjects, several of whom were trained 
observers, in these extreme bradycardias. 

Summary. Neosynephrin injected subcutaneously into normal, 
trained subjects in the basal state produces an immediate bradycardia 
and rise in diastolic pressure; systolic pressure rises later The 
threshold is from 1 to 2.5 mg and pulse rates from 30 to 45, p er- 

VtCatlianson, M. H., Arch. Internal Med., 1930 , SS, 683 . 
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sisting for as long as SO minutes, are produced by 5 to 10 mg. The 
E.C.G. remains normal with no change in A.V. or ventricular con- 
duction time but there is a fall in the potential of the P wave and a 
rise in the T wave. 
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A Method of Separating Small Quantities of the Coproporphyrin 

Isomers 1 and 3. 

C. J. Watsox axd Samuel Schwartz. 

Fron the Division of Ir.terr.al lied icir.c. University of Minnesota Hospital. 

Ftinr.ecpoUs. 


Quantitative separation of the naturally occurring coproporphyrin 
isomers ( 1 and 3 ) has hitherto been impossible. Crystallization has 
usually permitted identification of the porphyrin predominating in 
any given mixture, such as obtained for instance from urine and 
feces. 1- * This, however, has required that relatively large amounts 
of porphyrin be available. The present investigation was undertaken 
with the purpose of finding a means by which mixtures consisting of 
as little as 5-10 y of total coproporphyrin could be resolved quanti- 
tatively. 

We have found that the methyl esters of coproporphyrins 1 and 3 
are quantitatively adsorbed on Brockmann's AUO.* under the con- 
ditions noted in the following. The ester of coproporphyrin 3 may 
be eluted quantitatively with 35 acetone in water while that of 
copro-1 remains adsorbed, and is later removed by elution with pure 
acetone. The various steps in the procedure are as follows : ( 1 ) Es- 
terification of the total, free porphyrin mixture in methyl alcohol 
saturated with HQ gas. (2) Dilution with equal volumes of dis- 
tilled water, followed by neutralization of the HO with a saturated 
aqueous solution of sodium acetate, which is added drop by drop 
with constant stirring until the solution no longer turns Congo paper 
blue. Ten percent NH*OH is then added drop by drop until the 
mixture becomes pink to phenol red. (A few drops of an aqueous 

i Watson, C. J., J. Clin. Invest., 1935, 14, 106. 

= Watson, C. J., J. Clin. Invest., 1936, 15, 327. 

SDotjriner, K., J. Biol. Chem., 1936, 113, 1. 

•* Watson, C. J., J. Clin. Invest ^ 1937, 16, 3S3. 

•Merck and Company, Ine. 
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when the subject was kept seated instead of prone. The threshold 
subcutaneous dose was from 1 to 2.5 mg in young adults from 110 
to ISO lb in weight. 

Fig. 1 shows the typical changes resulting from a rather small 
dose of neosynephrin. The pulse immediately starts to decline, 
reaching a constant low level at 7 to 10 minutes after injection. At 
the same time the diastolic blood pressure rises but the systolic pres- 
sure does not rise until the diastolic pressure and pulse changes are 
well established. With these rather small doses the systolic pressure 
rise is small and the pulse pressure is generally diminished. With a 
10 mg injection (as is frequently used for the clinical dose) the initial 
time course is the same but the systolic pressure continues to rise so 
that the pulse pressure is eventually increased above normal. With 
the 10 mg dose the pulse rate may fall to 30 beats per minute and be 
maintained at 35 to 45 for as long as 80 minutes. 

The electrocardiographic records are interesting. The rhythm is 
perfectly normal with no change in the PR interval though the RT 
interval (duration of systole) may be very slightly prolonged. There 
is no slurring of QRS in any of the leads at any time. Very 
rarely there may be inversion of P, especially in lead 3. Aside from 
the extreme bradycardia, the most notable change is a marked ele- 
vation of the T wave in all leads and a diminution of the P wave. 


In several cases the P wave practically disappeared and the E.C.G. 
would indicate A.V. nodal rhythm. Neither A.V. nor bundle branch 
block appeared. In a single case when a 10 mg dose was given to a 
small athletic woman there was a short period when the E.C.G. 
record could be interpreted as showing retrograde conduction or 


complete A.V. dissociation at equal rhythm. 

The general appearance is that neosynephrin produces a primary 
bradycardia by inhibition of the sino-auricular node and this is rela- 
tively independent of blood pressure reflexes over the vagus nerve. 
Neosynephrin does not appear to accentuate the carotid sinus reflex ; 
Nathanson" reported it is effective in preventing syncope resulting 
from pressure on the carotid sinus. No distress or subjective ex- 
citement was reported by the subjects, several of whom were trained 
observers, in these extreme bradycardias. 

Summary. Neosynephrin injected subcutaneously into normal, 
trained subjects in the basal state produces an immediate bradycardia 
and rise in diastolic pressure; systolic pressure nses later The 
threshold is from 1 to 2.5 mg and pulse rates from 30 to 45, per- 

H., Arch . Internal 30, 
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metrically. In the present study a Zeiss stufenphotometerf has been 
used, and comparisons have been made with standard solutions of 
copro-3 ester in 35% acetone and copro-1 ester in pure acetone. The 
limit of error is within ±3%. The intensity of fluorescence is about 
twice that of the free porphyrin in 1 % HC1. The chief objection to the 
measurement of red fluorescence with the stufenphotometer 6 is that 
the eye fatigues rather rapidly and more than a few readings cannot 
be taken at any one time. Other methods of measurement are being 
investigated. 

A summary of data obtained in a number of recovery experiments 
carried out with the above described method is given in Table I. 

It is not possible as yet to report data on the application of the 
above method to natural material. We have ascertained that con- 
siderable purification of the free coproporphyrin is necessary, pre- 
liminary to esterification and subsequent separation of the isomers. 
Investigation is now in progress to determine as simple a method of 
purification as possible, which will still be generally applicable. 

The AUOa-acetone procedure is of much value in separating small 
amounts of copro-esters 1 and 3 for purposes of melting point de- 
termination and observation of crystal habitus. The data in Table II 
is evidence of the specificity of 35% acetone in eluting the copro-3. 
Extensive purification, consisting of repeated fractionation between 
ether and 1 % HC1 in the usual way 1 was carried out in each of these 
instances. 


TABLE I. 

Recovery of Copro-1 and 3 Esters from Various Mixtures by AloOg — Acetone 

Method. 


No. 

Amount 
Copro-1 
used in 

7 

Amount 

Copro-1 

recovered 

in<y 

% 

recovery 

Amount 
Copro-3 
used in 

7 

Amount 
Copro-3 
recovered 
in 7 

% 

recovery 

% 

Copro-1 

in 

mixture 

1 

8.8 

8.97 

102 

0.0 

0.0 


100 

2 

10.0 

10.2 

102 

0.0 

0.0 

— 

100 

3 

30.0 

30.9 

103 

10.0 • 

10.1 

101 

75 

4 

20.0 

18.0 

90 

20.0 

20.8 

104 

50 

5 

5.3 

5.19 

96 

14.5 

14.2 

98 

27 

6 

10.0 

9.5 

95 

30.0 

30.0 

100 

25 

7 

1.8 

1.48 

82 

8.4 

8.07 

96 

18 

8 

5.0 

5.05 

101 

35.0 

32.55 

93 

12.5 

9 

0.0 

0.0 

— 

18.0 

18.18 

101 

0.0 


t The light source was a small, high pressure mercury arc lamp (“Mico" type) 
firmly attached to the front of the photometer. The light was filtered through a 
heat resisting red purple ultra filter, Corning No. 587. 


5 Eikentseher, R., and Franke, K., Klin. Wchnschr., 1934, 922. 
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solution of the latter indicator having been added to the entire mix- 
ture.) (3) The faintly alkaline solution is at once run through the 
column of Brockmann’s Al»Os, designated “a” in the accompanying 
diagram (Fig. 1). The column is next washed with 15-20 cc of 
distilled water. (4) The copro-3 ester is then removed by repeated 
washing with 35% acetone, as long as any red fluorescence is visible 
at b (Fig. 1). The total copro-3 fraction is collected in the lower 
suction flask and removed, after which elution with pure acetone is 
carried out in the same way. Relatively large amounts of 35% 
acetone are necessary for the copro-3 fraction. (5) The amount of 
porphyrin in each of the final solutions is then measured fluori- 



FiO. 1. 


An-niT-itus for adsorption and elation, c. Fluid from which porphyrins are to 
, ?, Column of Brockmans ’s A1 2 0 3 (a cotton wad is inserted in the 

be removed. « Q } F j uid {o bc inspec ted for red fluorescence 

S UV Bght l Receiving^ suction flask, e. Corning red purple ultra filter No. 587. 
f t Caibon arc lamp. 
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Polycythemia of Morbus Caeruleus (Cyanotic Type of Con- 
genital Heart Disease.) 

Phillip Hallock. (Introduced by C. J. Watson.) 

From the Division of infernal Medicine, University of Minnesota Hospitals, 

Minneapolis, Minn. 

The polycythemia of morbus caeruleus is similar in many respects 
to that of the primary form (polycythemia vera), yet from an etio- 
logical point of view it differs a great deal. In both forms the red 
cell counts and hemoglobin concentrations are increased and the 
hematocrit readings are high. Blood volume studies have revealed 
that the total blood volume and circulating red cell mass are consider- 
ably elevated in polycythemia vera while the plasma volume remains 
essentially unaltered. 1 ' 3 While it is repeatedly stated that the total 
blood volume and red cell mass are elevated in the polycythemia of 
morbus caeruleus, these assertions are based not on actual blood vol- 
ume determinations but on inferences drawn first, from the fact that 
the red cell counts and hemoglobin concentrations are high, and sec- 
ond. from the assumption that morbus caeruleus is similar to other 
forms of secondary polycythemia which arise from oxygen deficiency. 
Extremely meager information is available concerning the status of 
total blood volume, circulating red cell volume, and plasma volume 
in morbus caeruleus. The first case of morbus caeruleus in which 
total blood volume was measured and in which an attempt was made 
to estimate the plasma volume was that reported by Parkes- Weber 
and Dorner. 1 In this case of morbus caeruleus the total blood vol- 
ume, as determined by Haldane and Smith's 5 carbon monoxide 
method, was found to be increased. The plasma volume was deter- 
mined indirectly and considered to be normal from the estimation of 
the concentration of the dry residue in the blood serum. One year 
previous to this, however, Bie and Maar 6 had studied the concentra- 
tion of plasma in 2 cases of morbus caeruleus by similarly estimating 
the concentration of the dry residue in the serum. Thev concluded 
that there was no significant change in plasma volume concentration 

i Rowntree, L. G., and Brown, G. E.. The U olume of Blood and Plasma in Health 
and Disease, W. B. Saunders Co.. Philadelphia, 1929. 

- Lampe, W., Deutsche Med. TTchnschr., 1925, 51, 2025. 

3 Gibson, J. G., Harris, A. W., and Surgert, V. W., J. Clin. Invest.. 193S, IS. 

4 Parkes-Weber, F., and Dorner, G.. Lancet, 1911, 180, 150. 

a Haldane, and Smith, L., J. Physiol., 1900, 25, 33. 

c Bie, W., and Maar, W., Deutsches Arch, fur Klin. Med., 1910, 4A, 3S2. 
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Polycythemia of Morbus Caeruleus 


and that the increased cell count was not, therefore, due to dimini 
tion in plasma volume. Blumenfeldt and Wolheim," using trypa 
red dye estimated the blood volume in a 20-year-old girl with cyanoti 
type of heart disease. The plasma volume was markedly diminishec 
namely, 690 cc (13.4 cc per kg). The total blood volume was 3,02. 
cc or 39.1 cc per kg. Meyer, 8 in a study of the hemodynamics of th 
circulation in a 22-year-old male having Tetralogy of Fallot, esti 
mated the plasma volume by means of the Congo red method am 
found it to be exceedingly low (755 cc or about 16 cc per kg). Th 
total blood volume was 4,100 cc, or about 86 cc per kg, which i 
within normal limits. 

In the present investigation, 4 cases of morbus caeruleus have beer 
studied with respect to total blood volume, circulating red cell vol 
time and plasma volume. The subjects were adults, 3 males and on< 
female, all of whom had veno-arterial shunts as evidenced by the 
marked cyanosis. Their cardiac status was carefully studied bj 
physical examination and by fluoroscopic and electrocardiographic 
examinations of the heart. The oxygen content and capacity were 
determined by arterial puncture and in every instance oxygen un- 
saturation was increased. The “Evans Blue” dye was employed in 
determining plasma volume following the method described by Gib- 
son.” The dye concentration in the serum was determined with a 
Marten’s spectrophotometer. 

Results. It will be noted (Table I) that the hematocrit values are 
extremely high when it is remembered that the normal range is 45 
to 50% for males and 40 to 45% for females. The highest value, 
83%, recorded in this series was in a male of 18 years of age who 
was believed to have Tetralogy of Fallot. The lowest value, 72%, 
was obtained in a female 37 years of age who suffered from the 
same anomaly. The most striking feature (Table I) was the low 
absolute plasma volumes which were consistently found in all 4 cases. 
The lowest plasma volume (27.6 cc per kg) was obtained in the third 
case, a male 33 years of age. The average plasma volume in the 4 
cases was 30 cc per kg. 

The circulating red cell mass and total blood volume were found to 

be elevated in each instance. . 

In Table II we have compared the results obtained in morbus 
caeruleus with those of normal individuals and those with primary 
polycythemia (polycythemia v era). It will be noted that in morbus 

7 Blumenfeldt, E., and Wolheim, E., Klin. Wscltr., 1927, C, 396. 

S Meyer, P., Z. fur Klin. Med., 1932, 120, 341. 

o Gibson, J. G., J. Clin. Invest., 1937, 1C, 301. 
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TABLE II. 

Comparison of Blood Volume in Morbus Caeruleus (Cyanotic Type of Congenita] 
Heart Disease) to That in Polycythemia Vera and in Normal Individuals. 

Plasma volume Bed cell volume Total blood volume 


cc per kg 

cc per kg 

cc per kg 

Normal (avg of 10 normals) 

Females 

30.0 

32.0 

70.8 

Morbus caeruleus 

20.3 

74.5 

104.0 

Polycythemia vera (nyg of 0 cases) 

70.7 

17 7.0 

253.7 

Normal (avg of 10 normals) 

Males 

46.4 

43.1 

89.5 

Morbus caeruleus (avg of 3 cases) 

30.3 

109.0 

136.0 

Polycythemia vera (avg of G cases) 

51.2 

145.0 

19G.2 


caeruleus the plasma volume is 29.3 cc per kg as compared to the 
mean normal of 39 ce per kg for females and 30.3 cc per kg as com- 
pared to a mean normal of 46.4 cc per kg for males. This represents 
a subnormal diminution of plasma volume from the mean normal by 
26 and 35% respectively. When the plasma volume of morbus 
caeruleus is compared with that of polycythemia, it will be noted 
that the latter shows a definite increase even over the normal. 

When the circulating red cell volume of morbus caeruleus is com- 
pared with the normal and with that in polycythemia vera (Table II) 
it is noted that for both males and females the red cell volume is de- 
eidedlv increased in morbus caeruleus and strikingly increased in 
polycythemia vera. 

The total blood volume is but moderately increased in morbus 
caeruleus while in polycythemia vera it is greatly increased. In one 
instance the increase was 300% (Fig. 1). This patient had a total 
blood volume of 18.28 liters of blood, approximately 3 times greater 


than normal. 

In Fig. 1 it is noted that the plasma volumes of morbus caeruleus 
are all subnormal, a percentage deviation of -36%, -25%, -41%, 
and -28% respectively below the mean normal. 

Summary. The results of the present study indicate that the plas- 
ma volume is subnormal in adult cases of morbus caeruleus while the 
total circulating blood volume is moderately increased, this increase 
bein°- due to a considerable increase in circulating red cell volume. 
From the viewpoint of the disturbed dynamics of the circulation in 
morbus caeruleus, these blood volume findings would appear to indi- 
cate a compensatory effort on the part of the circulation to maintain 
a normal blood volume at the expense of a reduced plasma volume 
At the same time, this permits the increase in circuiating red cel^ 
volume which is necessary to compensate in part at least 


anoxia. 
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f/g.1. Comparison of Blood Volume in Morbus Caeruleus 
to that in Polycythemia Veto. 
Q-Fema/es,Morius Caeru/eus. O-Femc/cs. Polycythemia Vera. 



The blood volume findings in morbus caeruleus resemble those of 
polycythemia vera in that in both conditions the circulating red cell 
volume and total volume are increased both in relative and absolute 
values. The only difference is associated with the plasma volume 
change; in morbus caeruleus it is subnormal while in polycythemia 
vera the plasma volume tends to be slightly above normal.* 

* Studies in two of tlte above cases were made possible through the courtesy 
of Dr. 0. N. Nelson of tlte Minneapolis General Hospital. 
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Effect of Epinephrine on Potassium Balance in the Perfused 
Hind Limbs of the Frog. 

J. Clifford Stickney. (Introduced by Ancel Keys.) 

From the Laboratory of Physiological Eygicnc, University of Minnesota Medical 
School, Minneapolis, Minn. 

Intravenous injection of epinephrine produces an immediate tran- 
sitory rise in the level of plasma potassium. 1 ’ 3 ’ 3 The duration and 
magnitude of this effect differs in different animal species and a 
subsequent fall in [K]s to below normal is equally marked and less 
transitory, especially in man. 4 The initial rise in [K]s seems to origi- 
nate in the liver 1 but it appeared possible that the skeletal muscle 
might be involved in the slower and more sustained decline. 

Perfusion preparations of the isolated hind limbs of the double- 
pithed frog were made. The perfusion fluid was a 3% gum 
acacia solution with the salt content and pH adjusted to correspond 
with normal frog Ringer’s solution except for K which was somewhat 
high (5.1S to 6.03 m.eq./l). A perfusion pump supplied pulsating 
pressure to the inflow cannula entering the terminal aorta. The out- 
flow was collected from cannulae in the renal portal veins, all other 
egress being prevented by ligatures. [K] was determined 5 in ar- 
terial and venous samples collected at intervals during a period of 
2^3 to 3 Yz hours. Rates of flow were measured throughout. 

In preliminary experiments single injection of epinephrine into 
the arterial inflow gave somewhat inconstant but essentially negative 
results with regard to the [K] in the venous outflow. In all cases the 
[K] in the arterial inflow was the most important factor in deter- 
mining the direction and rate of K exchange between the tissue and 
the perfusion fluid. When epinephrine was continuously infused 
into the arterial inflow (0.005 mg/cc) there was consistently a 
marked effect on the arteriovenous K difference, but almost no effect 
on the rate of K exchange between the tissue and the perfusing fluid. 
In other words, in these experiments, the movement of K from vas- 
cular bed to tissue proceeded at a rate independent of the total rate 

1 D ’Silva, J. L., J. Physiol., 1934, S3, 393. 

2 Jfarenzi, A. IX, and Gerschmnn, J?., Bcv. Soc. argent. Be biol., 1936, 12, 424. 

3 Brewer, G., Larson, P. S., and Scliroeder, A. R., Am. J. Physiol., 1939, 126, 

708. 

•» Keys, Ancel, Am. J. Physiol., 1938, 121, 325. 

5 Hartzler, E. E., L. Biol. Client., 193/, 123, 19. 
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FIG. I. 

of flow. This was true whether the rate of flow was altered by 
epinephrine administration or by simple change in the perfusing 
pressure which was studied in separate experiments. These points 
are shown in Fig. 1 in which typical results are plotted. 

These results show that when a small K gradient from blood 
vessel to tissue is applied in resting muscle, the rate of renewal of 
the blood phase is not. within physiological limits, a limiting factor 
for the K exchange, nor could a direct effect of epinephrine be seen. 
Further experiments with no net movement of K in control periods 
likewise failed to demonstrate a direct effect of epinephrine on K 
exchange or balance in resting muscle. 
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Elimination of Radioactive Elements in Patients Who Have 
Received Thorotrast Intravenously. 

Wilhelm Stenstrom and Irwin Vigness. 

From the Deportment of Radiology, University of Minnesota. 

The radioactive method of determining the elimination of any 
elements in the thorium series is more sensitive than the chemical 
method and has been used exclusively in this study which deals with 
the elimination from patients who previously have received intra- 
venous injection of thorotrast. Most of the ionization produced is 
caused by a-particles and preliminary studies indicated that an elec- 
troscope was the most suitable instrument for the detection of the 
ionization. The limit of the sensitivity of the method used was such 
as to detect 0.005 cc of thorotrast mixed with 4 g of ash. The y-ray 
Geiger-Miiller counter did not give a reliable response to less than 
1 cc of thorotrast at 1 cm distance. 

Apparatus and Method. A Wulf bifilar type of electrometer, 
which has a low capacity, was used in conjunction with a cylindrical 
ionization chamber 18 cm in diameter and 26 cm long. The chamber 
was attached directly to the electrometer. 

In order to obtain a measure of the thoron in the breath, a patient 
exhaled through a rubber tube into a closed cylindrical metal con- 
tainer having a diameter of 30 cm and a height of 30 cm. Several 
small holes in the cover provided for the escape of the exhaust air. 
A copper wire with an active length of 21 cm extended along the axis 
of the container. It was insulated from the grounded container and 
kept at a negative potential of about 2000 volts and served to col- 
lect the radioactive deposit caused by the disintegration of the thoron. 
After the collection had been made for a time, the wire was trans- 
ferred and used as the centra! collecting electrode of the ionization 
chamber on top of the electrometer. The lengths of time that the 
patients breathed into the container were between 1 and 2 hours, but 
more deposit would build up if this could be continued for longer 
time (up to 20 or 30 consecutive hours). The half life time of 
thoron is only 55 seconds and that of thorium A 0.1 second. The 
next element, thorium B, has, however, a half life time of 10.6 
hours and will therefore make the wire active for a relatively long 
time after it has been deposited. . 

The stool was collected in a waxed cardboard container. This box 
with its content was placed in an iron (sand bath) dish and heated 
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for about 5 hours until a light colored ash remained, usually weighing 
from 2 to 4 g. The ash was then spread evenly over a circular, light 
cardboard paper about 17 cm in diameter and having a central hole 
4 cm in diameter. 

The ash obtained from the urine was a heavy black fusable ma- 
teria] which probably consisted of carbon contained in various salts. 
This ash was so bulky and heavy that the a-rays were largely absorbed 
and the unsatisfactory results obtained indicated that it will be neces- 
sary to extract the radioactive substances from the urine when the 
studies are continued. 

Results. In order to obtain an idea of the sensitivity of the 
method, small amounts of thorotrast were mixed with 4 g of ash 
which then was heated and thoroughly stirred. Measurements of 
the radioactivity of ash containing different amounts of thorotrast 
are reproduced graphically in Fig. 1, where the discharge of the 
electroscope in scale divisions per minute is plotted against the known 
amount of thorotrast present in the ash. The 3 dots correspond to 
0.01, 0.02, and 0.03 cc of thorotrast respectively. 



0 
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Elimination of Radioactive Elements in Patients Who Have 
Received Thorotrast Intravenously. 

Wilhelm Stenstrom and Irwin Vigness. 

From the Department of Jiadiology, University of Minnesota. 

The radioactive method of determining the elimination of any 
elements in the thorium series is more sensitive than the chemical 
method and has been used exclusively in this study which deals with 
the elimination from patients who previously have received intra- 
venous injection of thorotrast. Most of the ionization produced is 
caused by a-particles and preliminary studies indicated that an elec- 
troscope was the most suitable instrument for the detection of the 
ionization. The limit of the sensitivity of the method used was such 
as to detect 0.005 cc of thorotrast mixed with 4 g of ash. The y-ray 
Geiger-Muller counter did not give a reliable response to less than 
1 cc of thorotrast at 1 cm distance. 

Apparatus and Method. A Wulf bifilar type of electrometer, 
which has a low capacity, was used in conjunction with a cylindrical 
ionization chamber IS cm in diameter and 26 cm long. The chamber 
was attached directly to the electrometer. 

In order to obtain a measure of the thoron in the breath, a patient 
exhaled through a rubber tube into a closed cylindrical metal con- 
tainer having a diameter of 30 cm and a height of 30 cm. Several 
small holes in the cover provided for the escape of the exhaust air. 
A copper wire with an active length of 21 cm extended along the axis 
of the container. It was insulated from the grounded container and 
kept at a negative potential of about 2000 volts and served to col- 
lect the radioactive deposit caused by the disintegration of the thoron. 
After the collection had been made for a time, the wire was trans- 
ferred and used as the central collecting electrode of the ionization 
chamber on top of the electrometer. The lengths of time that the 
patients breathed into the container were between 1 and 2 hours, but 
more deposit would build up if this could be continued for longer 
time (up to 20 or 30 consecutive hours). The half life time of 
thoron is only 55 seconds and that of thorium A 0.1 second. The 
next element, thorium B, has, however, a half life time of 10.6 
hours and will therefore make the wire active for a relatively long 
time after it has been deposited. 

The stool was collected in a waxed cardboard container. This box 
with its content was placed in an iron (sand bath) dish and heated 
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for about 5 hours until a light colored ash remained, usually weighing 
from 2 to 4 g. The ash was then spread evenly over a circular, light 
cardboard paper about 17 cm in diameter and having a central hole 
4 cm in diameter. 

The ash obtained from the urine was a heavy black fusable ma- 
terial which probably consisted of carbon contained in various salts. 
This ash was so bulky and heavy that the a-rays were largely absorbed 
and the unsatisfactory results obtained indicated that it will be neces- 
sary to extract the radioactive substances from the urine when the 
studies are continued. 

Results. In order to obtain an idea of the sensitivity of the 
method, small amounts of thorotrast were mixed with 4 g of ash 
which then was heated and thoroughly stirred. Measurements of 
the radioactivity of ash containing different amounts of thorotrast 
are reproduced graphically in Fig. 1, where the discharge of the 
electroscope in scale divisions per minute is plotted against the known 
amount of thorotrast present in the ash. The 3 dots correspond to 
0.01, 0.02, and 0.03 cc of thorotrast respectively. 
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Examinations were wade of the ashed feces from 2 patients who 
had intravenous injection of thorotrast 6 and 7 years previously. 
Each one had been given 75 cc of thorotrast which contained 24 to 
26% thorium dioxide by volume. Easily measurable radioactivity 
was found in all the samples. When the samples were reexamined 
several weeks later, it was, however, found that the radioactivity had 
almost completely disappeared. It was, therefore, assumed that most 
of the radioactivity was due to elements with short lifetime belonging 
to the thorium series. A stool obtained from the second patient at a 
known time was then ashed as soon as possible and its activity studied 
as a function of time. The results are plotted in Fig. 2. The points 
represent the number of scale divisions the electroscope was dis- 
charged per minute at different hours from the time the stool was 
collected. Curves A, B, and C were calculated from the known 
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disintegration constants. Curve A shows the relation between radio- 
activity and time if only thorium X (half life time 87.4 hours) in 
equilibrium with its disintegration products was present, curve B 
shows the decay of a mixture of 93% thorium X and 3 % of some 
preceding long lived product of the thorium series (thorium, meso- 
thorium or radiothorium), and curve C illustrates a mixture of 
91% thorium X and 9% long lived element. The radioactive 
elements present in the feces in this case seem to consist of approxi- 
mately 95% thorium X and 5%c of long lived elements, each in 
equilibrium with its disintegration products. A slight change in the 
normal background drift of the electrometer could, however, account 
for the difference between the curve representing thorium X and the 
experimental points. Measurements 4 months later indicate that 2 
to 3% of the activity was due to long lived elements in equilibrium 
with their disintegration products. 

Several samples of ashed feces from other individuals, who had 
never had any thorotrast injected, were also examined but in no 
case was any radioactivity discovered. 
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One sample of ashed urine from the second patient showed slight 
radioactivity which decayed with time. The patients were dis- 
charged before urine could be obtained for an attempt to extract 
the radioactive substances. 

No radioactivity was discovered in one sample of sputum which 
had been collected over a period of 24 hours and then ashed. More 
sputum examinations ought to be done. 

The results from one of the breathing experiments are shown in 
Fig. 3. The points fall very close to the theoretical curve for disinte- 
gration of thorium B and it is, therefore, evident that a fair amount 
of thoron is exhaled by the patient. This must mean that the thoron 
can pass rapidly from the source (probably liver and spleen) to the 
breath as the half life time for the thoron is only S3 seconds. 

Summary. No excretion of thorium has thus far been discovered. 
Certain radioactive elements in the thorium series have, however, 
been found in the feces, urine and breath. Thorium X has been 
identified as the predominant element excreted in the feces, and 
thoron is definitely exhaled, as thorium B has been identified in the 
radioactive deposit from the breath. Such excretion of thorium X 
and thoron leads to reduced radioactivity in the body even if the 
thorium itself remains. As most of the y-rays are emitted by dis- 
integration products of thoron it is evident that the amount of tho- 
rium remaining in the tissues of a patient can not be determined 
with satisfactory accuracy by measurements of the y-rays emitted 
from the patient (liver and spleen). During the disintegration pro- 
cess of some of the radioactive atoms such a displacement must take 
place that the newly formed atoms can escape. 
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Influence of Pregnancy and Lactation pn Susceptibility to Arrest 
of Brain Circulation.*! 

Herman Rabat. (Introduced by M. B. Visscher.) 

From the University of Minnesota, Minneapolis. 

By means of a new technic, 1 it has been possible to obtain constant 
results from dog to dog with the same period of complete arrest of 
the brain circulation. The sex, age, or breed of the experimental 
adult animal had no influence on the sensitivity of the brain to arrest 
of its blood flow. On the other hand, puppies were much more re- 
sistant than adult animals to this procedure. 2 The present report 
deals with the influence of pregnancy and lactation on the resistance 
of the brain to arrest of its circulation. 

In every instance, the pregnant or lactating animal was more 
severely affected by brain stasis than the normal adult animal. A 
similar increase in susceptibility was shown by 2 young females at 
about the age of sexual maturity, one of whom was in the first 
oestrus. The results are compiled in Table I. Only the dogs indi- 
cated by asterisks (after survival) died from the arrest of the 
brain circulation. The others were either sacrificed or are still alive. 
The striking increase in severity of the brain damage as compared 
to normal adult animals is evident. 

A study of the time of persistence of respiration and the corneal 
reflex following acute arrest of blood flow in the brain shows no 
difference between pregnant or lactating and normal adults. Fur- 
thermore, the recovery times of respiration and the corneal reflex 
following restoration of cephalic blood flow were very similar in the 
2 groups of dogs. In other words, the survival time and the recovery 
time are within normal limits while the revival time 3 is greatly de- 
creased by pregnancy and lactation. This suggests the possibility 
that the greater susceptibility during pregnancy and lactation may be 
due, not to a difference in the rate of metabolism, but rather to a 
difference in the ability of the animal to overcome reversible neuronal 
damage. 

Aided by a grant from tlie Committee on Scientific Research of the American 
Medical Association. 

t Assistance in the preparation of these materials was furnished by the per- 
sonnel of Works Progress Administration, Official Project No. 665-71-3-69, sub- 
project No. 309. 

I Kabat, H., and Dennis, C., Pro c. Soc. Exp. Biol, and Med., 1938, S8, 864. 

“ i., and Dennis, C., Peoc. Soc. Exp. Biol, and Med., 1939, 42, 534. 

erard, R. W., Arch. N enrol. and Psychiat., 1938, 40, 985. 
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One sample of ashed urine from the second patient showed slight 
radioactivity which decayed with time. The patients were dis- 
charged before urine could be obtained for an attempt to extract 
the radioactive substances. 

No radioactivity was discovered in one sample of sputum which 
had been collected over a period of 24 hours and then ashed. More 
sputum examinations ought to be done. 

The results from one of the breathing experiments are shown in 
Fig. 3. The points fall very close to the theoretical curve for disinte- 
gration of thorium B and it is, therefore, evident that a fair amount 
of thoron is exhaled by the patient. This must mean that the thoron 
can pass rapidly from the source (probably liver and spleen) to the 
breath as the half life time for the thoron is only 55 seconds. 

Summary. No excretion of thorium lias thus far been discovered. 
Certain radioactive elements in the thorium series have, however, 
been found in the feces, urine and breath. Thorium X has been 
identified as the predominant element excreted in the feces, and 
thoron is definitely exhaled, as thorium B has been identified in the 
radioactive deposit from the breath. Such excretion of thorium X 
and thoron leads to reduced radioactivity in the body even if the 
thorium itself remains. As most of the y-rays are emitted by dis- 
integration products of thoron it is evident that the amount of tho- 
rium remaining in the tissues of a patient can not be determined 
with satisfactory accuracy by measurements of the y-rays emitted 
from the patient (liver and spleen). During the disintegration pro- 
cess of some of the radioactive atoms such a displacement must take 
place that the newly formed atoms can escape. 
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The method of sampling, storing, extracting, and quantitative 
analysis has previously been described by Miller and Johnson. 5 

The analytical data are presented in Table I of total chlorophyll 
concentration expressed as percent on a green weight basis and as 
milligrams per 100 sq cm of leaf surface in 15 crosses between high 
chlorophyll female X low male and reciprocally in low chlorophyll 
female high male. The values reported are the average of 2 field 
replications grown in 1939. The inbred parents used in these crosses 
differed significantly in percent total chlorophyll ; the highest chloro- 
phyll inbred parent of the low chlorophyll lines being significantly 
lower than the lowest parent in the high chlorophyll lines as measured 
by the analysis of variance in 2 field replications in 1938 and 1939. 

The transmission of variegation (unequal distribution of chloro- 
phyll in the leaves) in Mirabilis occurs only through the egg cell 
cytoplasm. This has raised the question, whether any plastids are 
transmitted in the cytoplasm contributed by the male parent; and if 
there are, of what importance is such a transmission, in comparison 
with that contributed by the female. 

During fertilization, according to Anderson, it is possible for 
plastids in the cytoplasm to be carried along with the male nucleus 
when the pollen tube ruptures. In Antirrhinum , during the time 
that the male nucleus migrates through the cytoplasm of the embryo 

TABLE I. 

% Total Chlorophyll and nig of Total Chlorophyll per 100 cm- of Leaf Tissue in 
Reciprocal Crosses Between High and Low Chlorophyll Inbred Lines of Corn. 

% total chlorophyll Mg chlorophyll per 100 cm2 
Fj crosses F x crosses 


Cross 

Inbred parents 

H x L 

L x H 

Dif. 

H x L 

L x H 

Dif. 

0 x 23 

.319 

X 

.352 

.367 

,286 

.81 

7.12 

5.78 

1.34 

x 26 


X 

.360 

.305 

.289 

.16 

6.64 

6.20 

.44 

x 44 


X 

.361 

.360 

.357 

.03 

0.82 

6.63 

.19 

x 48 


X 

.364 

.321 

.328 - 

-.07 

6.28 

6.70 

—.42 

11 x 23 

.232 

X 

.352 

.299 

.296 

.03 

6.16 

6.01 

.15 

x 26 


X 

.360 

.274 

.279 - 

-.05 

6.00 

6.30 

—.30 

x 44 


X 

.361 

.330 

.342 - 

-.12 

6.52 

7.06 

—.54 

x 48 


X 

.304 

.288 

.319 - 

-.31 

5.93 

6.51 

—.58 

34 x 23 

.273 

X 

.352 

.331 

.326 

.05 

7.04 

0.66 

.38 

x 26 


X 

.360 

.322 

.282 

.40 

7.50 

0.63 

.87 

x 48 


X 

.364 

.299 

.299 

.00 

0.53 

0.45 

.08 

45 x 23 

.306 

X 

.352 

.342 

.356 - 

-.14 

6.51 

6.56 

—.05 

x 26 


X 

.360 

.299 

.313 - 

-.14 

0.15 

6.44 

—.29 

x 44 


X 

.361 

.361 

.356 

.05 

0.50 

7.03 

—.53 

x 48 


X 

.364 

.386 

.375 

.11 

6.93 

6.93 

.00 



Mean 

.326 

.320 

.05400 

6.57 

6.52 

.049333 





Z — 

21 Odds 

= 3.4:1 

Z = 

.093 Odds =; 1.7:1 


'' MllIer < Elmer S., and Johnson, I. J., Am. Soc. Agron., 1938, 30, 941. 
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Inheritance of Chlorophyll in F) Crosses Made Reciprocally 
Between Selfed Lines of Corn.* 

Elmer S. Miller and I. J. JoHNsoN.f 

From the Department of Botany, Agronomy and Plant Genetics, University of 
Minnesota, Minneapolis. 


The inheritance of chlorophyll variations in plants has been in- 
vestigated in detail; over one hundred chlorophyll abnormalities 
have been reported in Maize. Correns 1 suggested that chlorophyll 
deficiencies were transmitted as inclusions and plastids through the 
cytoplasm of the female parent during fertilization, but that none 
was transmitted from the male parent in the cytoplasm, along with 
the male nucleus to the egg. The classical example is the transmis- 
sion of variegation in Mirnbilis only through the cytoplasm of the 
egg, but not along with the male nucleus. Tnese findings have been 
confirmed by Baur and are supported by East . 2 

Recently Anderson'' has reported the results of a series of ex- 
periments and he concludes: 

a. Plastids are identical and numerous in both female and male 
gametophytes. 

b. In the pollen tube, numerous plastids were always present near 
the male nuclei, and as the tube is ruptured, the plastids are 
expelled into the cytoplasm of the embryo sac. 

c. The earlier investigators fixed and preserved samples in such 
a manner that all the inclusions were dissolved. 

In this study, the writers have on a physiological basis set up the 
following experiment to further determine whether maternal in- 
heritance, as transmitted by cytoplasm of respective parent to Fi, is of 
any importance in inheritance studies of the chlorophyll pigments. 

* Contribution from the Department of Botany and Division of Agronomy and 
Plant Genetics, University of Minnesota. Paper No. 1770 of tbe Journal Series. 
Aidod by a grant from tlio Graduate School of the University of Minnesota. 
Assistance in the preparation of these materials was furnished by the personnel 
of Works Projects Administration Official Project No. 65-1-71-140, Sub-project 
No. 331. 

t Now Professor and Besearch Professor of Farm Crops, Iowa State College, 
Ames, Iowa. Formerly in Agronomy and Plant Genetics, University Farm. 

1 Correns, G., Z. Ind. Abst. Vererb., 1909, 1, 291. 

2 Baur, E., Z. Ind. Abst. Vererb., 1909, 1, 330. 

3 East, E. M., Am. Nat., 1934, OS, 289; 402. 

4 Anderson, Lewis F., Am. J. Bot., 1936, 23, 490. 
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The method of sampling, storing, extracting, and quantitative 
analysis has previously been described by Miller and Johnson. 5 

The analytical data are presented in Table I of total chlorophyll 
concentration expressed as percent on a green weight basis and as 
milligrams per 100 sq cm of leaf surface in 15 crosses between high 
chlorophyll female X low male and reciprocally in low chlorophyll 
female high male. The values reported are the average of 2 field 
replications grown in 1939. The inbred parents used in these crosses 
differed significantly in percent total chlorophyll; the highest chloro- 
phyll inbred parent of the low chlorophyll lines being significantly 
lower than the lowest parent in the high chlorophyll lines as measured 
by the analysis of variance in 2 field replications in 1938 and 1939. 

The transmission of variegation (unequal distribution of chloro- 
phyll in the leaves) in Mirabilis occurs only through the egg cell 
cytoplasm. This has raised the question, whether any plastids are 
transmitted in the cytoplasm contributed by the male parent; and if 
there are, of what importance is such a transmission, in comparison 
with that contributed by the female. 

During fertilization, according to Anderson, it is possible for 
plastids in the cytoplasm to be carried along with the male nucleus 
when the pollen tube ruptures. In Antirrhinum, during the time 
that the male nucleus migrates through the cytoplasm of the embryo 

TABLE I. 

% Total Chlorophyll and mg of Total Chlorophyll per 100 cm-' of Leaf Tissue in 
Beciprocal Crosses Between High and Low Chlorophyll Inbred Lines of Corn. 

9 f c total chlorophyll Mg chlorophyll per 100 cm2 

Fj crosses Fj crosses 


Cross 

Inbred parents 

H x L 

L x H 

Dif. 

H x L 

L x H 

Dif. 

6 x 23 

.319 

X 

.352 

.367 

.286 

.81 

~ 7.12 

5.78 

1.34 

x 26 


X 

.360 

.305 

.289 

.16 

6.64 

6.20 

.44 

x 44 


X 

.361 

.360 

.357 

.03 

6.82 

6.63 

.19 

x 48 


X 

.364 

.321 

.328 - 

-.07 

6.28 

6.70 

—.42 

11 x 23 

.232 

X 

.352 

.299 

.296 

.03 

6.16 

6.01 

.15 

x 26 


X 

.360 

.274 

.279 - 

-.05 

6.00 

6.30 

—.30 

x 44 


X 

.361 

.330 

.342 - 

-.12 

6.52 

7.06 

—.54 

x 48 


X 

.364 

.288 

.319 - 

-.31 

5.93 

6.51 

—.58 

34 x 23 

.273 

X 

.352 

.331 

.326 

.05 

7.04 

6.66 

.38 

r 26 


X 

.360 

.322 

.282 

.40 

7.50 

6.63 

.87 

x 48 


X 

.364 

.299 

.299 

.00 

6.53 

6.45 

.08 

45 x 23 

.306 

X 

.352 

.342 

.356 - 

-.14 

6.51 

6.56 

—.05 

x 26 


X 

.360 

.299 

.313 - 

-.14 

6.15 

6.44 

—.29 

x 44 


X 

.361 

.361 

.356 

.05 

6.50 

7.03 

—.53 

x 48 


X 

.364 

.386 

.375 

.11 

6.93 

6.93 

.00 



Mean 

.326 

.320 

.05400 

6.57 

6.52 

.049333 

— 


_ 


Z = .21 Odds 

= 3.4:1 

Z = . 

093 Odds — 1.7:1 


•'Miller, Elmer S., and Johnson, I. J., Am. Soc. Agron., 1938, 30, 941. 
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sac, and while the male nucleus is in the process of fusing with the 
polar nuclei to form the endosperm nucleus, there are mitochondria 
in the vicinity of the endosperm nucleus. These mitochondria orig- 
inally came from both the male and female parents. 

Thus, on a cytological basis, it appears that there are species dif- 
ferences regarding the mechanism and importance of cytoplasmic 
inheritance. In Mirabilis, it is important with respect to leaf varie- 
gation, but in other cases, 1. c., corn, with odds as low as 3.4 to 1 and 
1.7 to 1 for percent total chlorophyll and milligrams chlorophyll per 
100 sq cm leaf surface respectively, as measured by "Students’' pair- 
ing method and tables of Z, it is apparent that cytoplasmic inheritance 
is not an important factor in inheritance studies of chlorophyll in 
corn. 

Summary. These studies show that maternal inheritance of 
chlorophylls as measured by a series of crosses made reciprocally 
between high and low chlorophyll inbred lines of corn is not signifi- 
cant, and that male and female parents each contribute equally to the 
genotype of the F, cross in respect to chlorophyll concentration. 
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In vitro Experiments on Exchange of Phosphate by Enamel 

and Dentin. 


W. D. Armstrong. (Introduced by F. H. Scott.) 

From the Laboratories of Dental Bcscarch and Physiological Chemistry, University 
of Minnesota, Minneapolis, Minn. 


Krogh, Holst, and Hevesy, 1 and Manly and Bale 1 demonstrated 
the presence of radioactive phosphorus in the whole teeth of animals 
receiving a parenteral administration of compounds of this isotope. 
Hevesy and Armstrong 3 in an investigation in which the enamel and 
dentin of cats’ teeth were separately studied found, using radioactive 
phosphorus as an indicator, the rate of exchange of phosphate by the 
enamel of erupted mature teeth to be about one-tenth that of the 
dentin. The rate of exchange was such as to make highly improbable 
an ability of enamel of mature teeth to undergo significant changes 

of composition as a result of nutritional alterations.^ 

l KTOgh, A., Holst, J. J., and Hevesy, G., Det. Kgl. Danshc Videns, S el shah. 
Dial Med., 1 937, IS, 13. 

a Manly, L., and Bale, W. F., J. Biol. Chcm., 1939, 129 , 125. 

3 Hevesy, G., and Armstrong, W. IX, Proc. Am. Soc. Biol. Chem-, 1910, XLTV. 
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The experiments herewith reported were carried out by agitating 
0.12-0,15 mg of the finely pulverized specimens in 10 cc volumetric 
flasks completely filled with the solution of labeled phosphate. The 
active material was supplied by the Radiation Laboratory of the De- 
partment of Physics of this University. The specimens after the 
stated time of contact with the active solution were recovered and 
washed ten times with water by centrifugation. 

These resuits obtained in vitro, especially in the case of dentin, 
show a surprisingly rapid rate of exchange of phosphate. However, 
the relative rates of exchange by enamel and dentin are very similar 
to those observed in vivo by Hevcsy and Armstrong. 3 

Since dentin contains 4 22.2% protein and enamel less than 1% of 
protein, the larger amount of labeled phosphate acquired by dentin 
from solutions at pH 7.5 might have been due, if the protein of den- 
tin has an isoelectric point somewhat above pH 7.5, to combination 
of phosphate anion with dentin protein. The acid combining power 
of dentin protein in relation to hydrogen ion concentration is not 
known but it appears very unlikely that this protein could combine 
with anions in solutions of pH 13. The experiments whose results 
are tabulated in the second and third columns of Table I indicate 
almost identical rates of acquisition of labeled phosphate by dentin 
from a solution of pH 7.5 and 13. It is, therefore, unlikely that the 
higher rate of uptake of radioactive phosphate by dentin at pH 7.5 
was due to chemical combination of phosphate with dentin protein. 
The 2 experiments with dentin at pH 7.5 and 13 also indicate no 
effect of the state of ionization of phosphate on its rate of exchange 
with dentin. 


TABLE I. 

Exchange of Phosphorus by Enamel and Dentin. 


Material 

Enamel 

Dentin 

Dentin 

Dentin 

Protein 

pH solution 

7.42 

7.51 

23 

7.4 

Time in hr at 38° 

20 

20 

22.5 

20 

Activity (counts/min) 

19.6 ±0.33 

111.0 ±1.6 

218 ±1.9 

8.85±0.23 

Background (counts/min) 

8.62±0.21 

8.62±0.21 

8.80-*-0.17 8.80±0.17 

Mg P in solution 

18.5 

18.5 

18.5 

14.0 

Mg P labeled by 1 count* 

0.0122 

0.0122 

0.0114 


Mg P exchanged/g/24 hr 

1.42 

11.7 

11.8 


% P exckange<l/24 hr 

0.81 

9.19 

9.26 


Specific activityt 

0.0445 

0.502 

0.505 


Belative specific activity 

1 

11.2 

11.3 



* QatciilateS from total activity of solution and its content of phosphorus, 
t Specific activity: The % of total activity in a tissue per mg of phosphorus. 

4 Armstrong, W. D., Brekhus, P. J., and Cavett, J. W., J. Vent. Research, 1936, 
15 , 312. 
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As further evidence that dentin protein does not combine with 
phosphate at pH 7.5, denatured dentin protein 4 was agitated for 20 
hours with a solution of labeled phosphate with the result that no 
active phosphate was present in the protein after thorough washing 
with water. 

The greater rate of exchange of phosphate by dentin must, there- 
fore, be attributed to the smaller size of the crystallites of the mineral 
phase of dentin, but more especially to the fact that dentin is per- 
meated by the dentinal tubules which probably have the effect of 
permitting a more complete contact of the crystals of the mineral 
phase with the solution containing labeled phosphate than exists in 
the case of enamel. An alternative hypothesis might be that the 
higher activity of dentin is due merely to some active solution trapped 
in the dentinal tubules. Nevertheless, phosphate in solution which 
is not removed from the tubules by thorough washing would be ex- 
pected, with time, to reach an exchange equilibrium with the phos- 
phate of the mineral phase. 
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Cinnamic Acid Metabolism in Man. 

I. Snapper, T. F. Yti and Y. T. Chiang. (Introduced by S. H. 

Liu.) 

From the Deportment of Medicine, Pciping Union Medical College, Peiping, Chino. 

The fate of cinnamic acid (C 0 H 5 CH :CHCOOH) after its ad- 
ministration to the animal organism has been examined repeatedly. 
The following facts are known. Cinnamic acid given by mouth to 
humans is oxidized to benzoic acid which is excreted in the urine 
linked with glycine in the form of hippuric acid. 1 ' 2 In cats and dogs 
after the administration of phenylpropionic acid not only hippuric 
acid but also small amounts of cinnamoylglycine are excreted. 3 
After administration of cinnamic acid hippuric acid with small traces 
of cinnamoylglycine are found. 4 After administratio n of cin n amic 

l Erdmann and Marchand, Liebig’s Artnalen der Chcmie and Pharmocte, 1842, 
44 344. 

’2 Knoop, F., Beitrage cur Chemischen Physiologic, 1905, <5, 150, and 1908, 11, 
411. 

3 Dakin, H. D., J. Biol. Chen 1900, 5, 173, 303. 

4 Dakin, H. D., J. Biol. Chem., 1907, O, S03. 
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acid by mouth to dogs 65-70% of the excreted benzoic acid is present 
in the form of benzoylglycuronic acid and 30% in the form of 
hippuric acid/ The isolated kidney of calves and sheep is able to 
oxidize cinnamic acid to benzoic acid during perfusion.® However, 
the isolated kidney of the dog is not able to oxidize cinnamic acid 
but only conjugates the cinnamic acid with glycine to form cin- 
namoylglvcine. 7 Excretion of cinnamoylglycuronic acid has not 
been observed previously. We have reexamined the question whether 
after cinnamic acid administration to humans free or conjugated 
cinnamic acid could be found in the urine. 

Experimental. Six g of cinnamic acid were given after dissolving 
in 200 cc of water and neutralizing. The urine excreted within the 
first 4 hours of the experiment was examined in order to compare 
the results obtained with Quick’s hippuric acid test. 

1. Glycuronic acid was excreted in considerable amounts. The 
urine always gave a positive naphthoresorcin reaction. 5 The amount 
of glycuronic acid varied between 300 and 800 mg determined with 
the Shaffer-Hartmann technic.® 

2. Hippuric acid. To the 4 hours’ urine concentrated HC1 was 
added until the reaction became acid to Congo red. A considerable 
precipitate (4-5 g) was formed consisting of hippuric acid. After 
standing in the icebox for some hours the precipitate was filtered off. 
The filtrate still contained about 0.330 g of hippuric acid per 100 cc. 

3. Presence of free cinnamic acid. Only small amounts of free 
cinnamic acid were excreted in this experiment. After chloroform 
extraction of the acidified urine. 10-15 mg of free cinnamic acid 
were demonstrated in the extraction fluid. 

4. Presence of a cinnamic acid compound. Concentrated NaOH 
was added to the urine filtrate until the reaction was frankly alkaline. 
The alkaline fluid was boiled for one hour over a free flame and was 
then evaporated on a waterbath to a volume of 10-30 cc. After 
cooling, strong HCl was added. As soon as the reaction became 
acid, a thick white precipitate formed. After a few hours in the 
icebox, this precipitate was filtered off and dried in an incubator 
overnight. Next morning the precipitate was extracted on the 
waterbath for 2 hours with 150 cc of chloroform under a reflux con- 

5 Quick, A. J., J. Biol. Chem., I92S, 77, 5S1. 

« Snapper, I., and Griinbanm, A., Bioch. Z., 1924, 150, 12. 

7 Snapper, I., and Grunbaom, A., Acta brevia Xccrlar.dica, 1934, 4, 38, and 
Phnrmaceutisch TTeehblad, 1934, Jubilenmboet Prof. P. van der Wielen. 

* Tollens, B., Allen’s comm. Organic Analvsis, 5th edition, 1, 496, and Bcr. d. 
Deutsch. chem. Ges., 1908, 41. 1788. 

9 Qnick, A. J., J. Biol. Chem., 1926. «0 555. 
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denser. The chloroform was then filtered into a separatory funnel 
and extracted twice with 5 cc 8% NaOH. 

To this alkaline solution, concentrated HC1 was added until 
precipitation occurred. The precipitate was filtered off and dried. 
This precipitate contained a considerable amount of cinnamic acid. 

A. If, to a few mg of these crystals, one drop of A T a 2 C0 3 and one 
drop of KMnO< solution were added, the KMnOj quickly turned 
brown by reduction and a strong smell of benzaldehyde developed. 

B. By titration with bromine, considerable amounts of cinnamic acid 
were determined. For this titration a combination of the methods 
published by A. W. K. de Jong 10 and by Greenberg and Mackay 11 
was used. C. Pure cinnamic acid crystals with a melting point of 
133°C were recovered by recrystallization from boiling petroleum 
ether. 

5. Presence of cinnamic acid as monocinnamoylglycuronic acid. 
As the cinnamic acid compound present in the urine was very soluble 
in water, the possibility of the presence of cinnamic acid conjugated 
with glycuronic acid had to be considered. The following experiment 
makes the presence of a cinnamoylglycuronic acid compound seem 
probable. 

The filtrate obtained after acidifying the urine with HC1 was 
extracted with ether in a continuous Lind extractor for 15-20 hours. 
At that time the ether in the extraction flask showed a watery layer. 
This watery layer was separated from the ether and transferred to 
a 25 cc volumetric flask. After addition of 2 cc concentrated HC1, 
the volume was made up to 25 cc. 

This solution was strongly reducing. Two samples of 4 cc 
each were used for the quantitative determination of glycuronic 
acid (Shaffer-Hartmann method). The remaining 17 cc were 
boiled for 30 minutes under a reflux condenser and then transferred 
while still hot to a separatory funnel in which 100 cc chloroform 
was a 1 read}' present. After cooling, the solution was shaken for 30 
minutes. This was repeated twice with fresh chloroform. The 3 
fractions of chloroform were mixed and shaken twice with 10 cc 
8% NaOH. The NaOH was then made up to 25 cc in a volumetric 
flask. Two samples of 5 cc each were titrated with bromine. The 
remaining 15 cc were slightly concentrated by evaporation before a 
fan and then acidified with concentrated HC1. The precipitate was 
dried, weighed and titrated. 

10 de Jong, A. W. K., Am. J. Med. Sc. t 1933, 185, 630. 

11 Greenberg, D. M. f and Mackey, M. A., J. Biol. Chem., 3932, OO, 419. 
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TABLE I. . . 

Contents of Glveuxonic Acid nnd Cinnamic Acid of the Water-soluble Fraction in 
the Extraction Flask of Lind Apparatus After Extraction for 20 hr. 



Glycuronic acid 

Cinnamic acid 


Found, mg 

Found, mg 

Calculated* 

1 

poo 

166.4 

177.6 

o 

320 

248.6 

256 

3 

261 

210 

209 

4 

150.8 

114.5 

121.3 

5 

195.7 

149 

156 

6 

175.0 

133 

140 


*From monocinnamoylglyenronic acid. 


The glycuronic acid content of the 25 cc of watery solution was 
about equivalent to the amount of cinnamic acid found. When 
N mg glycuronic acid (M.W. 1S4) were found by reduction, the 
cinnamic acid content proved to be about 148/184 X N mg (Table 

I). 

The stoichiometric relation existing between glycuronic acid and 
cinnamic acid in the fluid analyzed is a strong indication that mono- 
cinnamoylglycuronic acid was excreted after administration of cin- 
namic acid to humans, especially if one takes into consideration that 
the cinnamic acid compound is water-soluble, insoluble in chloro- 
form, hardly soluble in ether and is easily hydrolyzed by boiling 
with HC1 or NaOH. 

6. Absence of cinnamoylglycine. Cinnamoylglycine, being 
ether soluble, if present should have been found in the ether after 
extraction in the Lind apparatus. In order to test for the presence 
of cinnamoylglycine. the crystals obtained after the distillation of the 
ether were dissolved in boiling water and crystallized. The frac- 
tion which crystallized when the solution was still warm was sep- 
arated and recrystallized from hot water. After purification the 
crystals did not give the cinnamic acid reaction with Na~CO* and 
KMnCh. 

Table II shows the excretion of hippuric acid in the four-hour 
period following the administration of cinnamic acid to humans. Six 
grams of cinnamic acid (equivalent to 5 g benzoic acid) brought 
about the excretion of 3.6-5.3 g of hippuric acid. These amounts 
are practically the same as those following the administration of 
equivalent amounts of benzoic acid. 12 These results indicate that the 
oxidation of cinnamic acid to benzoic add occurs rapidly. 

12 Snapper, I., Klinisehe Wochenschr., 1924, S, 56; Quick, A. .T., Am. J. lied. Sc., 
1933, 185, 630. 
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table II. 

Excretion within 4 hr, 

After 5 g After G g cinnamic acid 

benzoic acid , , 

Hippuric acid Hippuric acid Cinnamic acid Glycuronic acid 
Diagnosis g g g g 


Sp. 

Rcconvalesccnt 

Dysentery 

5.00 

4.31 

0.21G 

0.59G 

L.S.S. 

Rcconvalescent 

Diphtheria 

4.32 

3.G0 

0.294 

0.458 

E.L.Y. 

Healed Kala Azar 

4.82 

5.25 

0.384 

0.798 

Y.H.S. 

Rcconvalesccnt 

Lobar pneumonia 

5.07 

4.8G 

0.203 

0.653 

L.K.S. 

Rcconvalesccnt 

Diphtheria 

4.77 

4.32 

0.28G 

0.632 

L.S.C. 

Avitaminosis A 

5.12 

4.72 

0.202 

0.G35 

C.H.C. 

Diencephalic 

Syndrome 

5.89 

5.28 

0.3G7 

0.654 


During the same 4-hour period 400-800 mg of glycuronic acid 
were excreted. A small part of the cinnamic acid escapes ^-oxida- 
tion. After giving 6 g of cinnamic acid to persons with normal liver 
function 200-400 mg of cinnamic acid, conjugated with glycuronic 
acid, were excreted within 4 hours (Table II). 
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Splenectomy and Benzol Injection as Means of Increasing Sus- 
ceptibility of Chinese Hamsters to Kala-Azar. 

C. W. Wang and Hui-Lan Chung. 

From the Department of Medicine, Pciping Union Medical College, Peiping, China. 


It has been shown in experimental animals that splenectomy and 
benzol injection frequently give rise to an increase of susceptibility 
of the animals to bacterial, parasitic, as well as virus infections. 1 ’ 3 
In parasitic infections such observations have been made with plas- 
modia, spirochetes and trypanosomes in monkeys, mice, rats, squir- 
rels, etc. The effect of splenectomy and benzol injection on the 
susceptibility of the Chinese hamster, Cricctulus griscus, to Leish- 
inania donovani has not been hitherto recorded. The following ex- 
periment was, therefore, designed, and the findings are here reported. 
The flagellate form of Leishmania was employed in the present study. 

The experiment consisted of 3 groups of 20 hamsters each. The 
first group consisted of 20 splenectomized hamsters, the second, 20 
benzol-injected hamsters and the third, 20 normal hamsters as con- 
trols. Splenectomy was carried out under ether anesthesia. All the 
splenectomized hamsters were allowed to recover from the effects 
of the operation for a period of from 1 to 2 months, before they were 
given the inoculation of flagellates. Of the 20 hamsters in the 
benzol group 10 were each injected subcutaneously with a single dose 
of 0.5 cc of a mixture of equal parts of benzol and sterile olive oil, 
5 with 1 cc each, and another 5 with 2 cc each. The interval between 
the injection of benzol and inoculation of flagellates was 30 hours 
in the 0.5 cc group, 48 hours in the 1 cc group, and 7 days in the 2 cc 
group. From a preliminary determination it was found that the 
maximum tolerated single dose of the benzol mixture approaches 
closely to 2 cc for an average hamster. The inoculation of flagellates 
seems to be preferably given about 48 hours after the benzol injec- 
tion. The flagellates used in the present study were prepared by pool- 
ing the condensation fluid of some 20 tubes of a 13-day culture 
which had been grown on NNN medium from the spleen emulsion of 
a heavily infected hamster. On May 10, 1939, each of the 60 ham- 
sters in the 3 groups was given on the same day a single intraperi- 


1 Adler, S., Trans. Roy. Soc. Trop. Med. and Byg., 1930, 524, 75. 

2 Meleney, H. E., J. Exp. Med., 1928. 48, 65. 

3 Zinsser, H., and Castaneda, M. R., J. Exp. Med., 1930, 52, 649. 
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toneal inoculation of 0.2 cc of the culture, estimated to contain 
145,000 flagellates. 4 

After the inoculation of flagellates infection in the hamsters was 
first determined by liver puncture and then by the examination of 
smears and sections made from the spleen and liver at autopsy. Two 
liver punctures were done before the hamsters were sacrificed for 
examination. Only 3 or 4 hamsters from each group were punc- 
tured. The first puncture was done 29 days and the second, 56 days 
after the infective inoculation. The results of the first puncture 
were all negative. But by the time of the second puncture 1 or 2 
hamsters from each group already showed positive smears. In 
order to make use of the rate of early infection to determine the 
degree of susceptibility, all the hamsters which had survived up to 
the time of the second puncture were sacrificed. Not only were 
smears and sections made from the spleen and liver of the hamsters 
but also the weight of the hamsters as well as that of their spleen 
and liver were recorded. During the period of infection 2 hamsters 
from the splenectomized group died. Their organs were not suit- 
able for examination because of marked post-mortem changes. 
The results of the examination of the spleen and liver of all the re- 
maining hamsters are shown in Table I in which only the parasito- 
logical findings of sections were recorded, as they were found to be 
more conclusive than those afforded by direct examination of 
smears. 

As shown in Table I, in the group of 18 splenectomized hamsters 
which were killed and examined at the conclusion of the experiment 
all except one showed a large number of parasites in the sections 
-made from the liver. On the other hand, in the group of control 
liamsters, only 8 out of 18 (liver of 2 hamsters not examined) 
liamsters gave positive liver sections, in most of which only a few 
parasites were found, although positive spleen sections were seen in 
14 of the 20 hamsters. In this group 6 hamsters failed to take the 
infection. In the benzol-injected group 4 hamsters showed negative 
spleen sections and 9 showed negative liver sections. Four hamsters 
in this group failed to contract kala-azar. There was no striking 
difference of the infection rate among the various dosage groups of 
benzol-injected hamsters. The 2 cc group seemed to have given the 
highest infection rate, but repeated smaller doses which were not 
tried in the present study, might give a higher infection rate. 

Table II shows the average weight of the hamsters and that of 
their spleen and liver. In the benzol group the weighing of the 

4 Earle, W. C., and Perez, M., J. Lai), and Clin. Med., 1932, 1<, 1124. 
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table II. 

Average Weight of Body, Spleen and Liver of Splenectomized, Benzol-injected and 

Normal Hamsters. 



Body weight, g 

Liver weight, g 

Spleen weight, g 

Control hamsters 


IfgEEIS&i 

0.089 

Splenectomized hamsters 


'»'Si \ 

— 

Benzol-injected hamsters 

HHHaH 

— 

0.105 


liver was not done. Taking the normal weight of the hamster’s 
spleen as from 0.15 to 0.3% of the body weight 6 it is evident that 
the average weight of the spleen in both benzol-injected and control 
hamsters was above normal. The increase of the spleen weight 
was apparently due to the kala-azar infection. The difference of 
the average spleen weight between these two groups seems to be 
out of proportion to the difference of their average body weight. As 
the rate of spleen infection was higher in the benzol-injected ham- 
sters than in the controls, it appears likely that the greater average 
spleen weight of the benzol-injected group was due to the heavier 
infection rather than the greater average body weight. In the splen- 
ectomized hamsters the average liver weight was again greater than 
that of the controls. This was also likely due to the heavier infection 
rather than the greater average body weight of the splenectomized 
animals, although a part of the increased liver weight might have 
been due to a compensatory hyperplasia of the reticulo-endothelial 
system. 

Conclusions. Chinese hamsters became more susceptible to infec- 
tion with the flagellates of Lcishmania donovaiti after splenectomy 
or benzol injection Of the two means employed to increase the sus- 
ceptibility of hamsters to kala-azar infection splenectomy appears to 
be more effective. 

” 5 Mclency, IL E., Am. J. Palh., 1925, 1, 147. 
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Optic Nerve Response to Retinal Stimulation in the Rabbit.* 


S. Howard Bartley and George H. Bishop. 

From the School of Medicine, Washington University, St. Louis, Mo. 


With changes in intensity and duration of light, the retinal poten- 
tial undergoes slight changes in form, while the nerve discharges 
show transformations corresponding to the form of the stimulus. 

The fore part of the rabbit’s brain was removed under ether, ex- 
posing the optic nerves. Records were taken from one nerve and 
from across the corresponding retina. Light intensities used were 
high but within the physiological range, as indicated by reduction of 
response with reduction of intensity. Experiments were conducted 
in a dark room, flashes being delivered at about 1 per second from a 
2-mm slit in the lamp housing, in front of which a sector disk was 
rotated. A lens projected an image of the slit on the rabbit’s cornea, 
the eye thus focused an image of the lens on the retina. This image 
stimulus was compared with one from a diffusing screen close to the 
cornea illuminated with a 1 j4~inch spot of light. 

With flashes as short as 5 ms the retinal potential shows the usual 
a wave, a diphasic b wave, and no c. The “off” effect does not ap- 
pear. With longer durations the b wave assumes its conventional 

Ajl- /'Y'Ju- 

/Aaj5_ 

■M * A 1 

~~~~ 1 1 

Fig. 1. 

A, B, 0, records from retina, light 18,000 candles per sq ft on 10 sq mm 
retinal image, durations of 7, 85, and 195 ms respectively, as marked. D.C. ampli- 
fier. Oculomotor nucleus destroyed after A. D, E, F, records from optic nerve, 
same stimulus, 101 ms duration, but with apertures at lens of 72, 30, and 8 ram 
diameter, ratios of 1, 1/0, and 1/81 areas of image. G, 72 mm aperture, intensity 
1,800 candles per sq ft, or l/10tk the previous. This record falls between l/6th 
and l/81st aperture records in amplitude. H, photocell record. I, like D, shorter 
duration, 40 ms. The ‘ ‘ off ” spike is summed with the second "on” wave. 

* Assisted by grants from the Rockefeller Foundation and from the Scottish 
Rite Masons ’ Fund. 
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Response or Retina and Nerve 

monophasic form which does not return to the base line during il- 
“ on ; (£ig. L ) Between 5 and 200 ms duration, and between 
18,000 and 200 candles per s q ft, the form of the retinal b wave 
changes surprisingly little. 

On the contrary, the nerve discharge alters progressively over 
these ranges. The characteristic “on” response to a short bright 
flash occurs in two parts, the first consisting of a sharp initial spike 
followed usually by a decreasing series at 10-ms intervals, and the 
second, a rise which falls off during further illumination, its peak 
at about 30 ms after the first. The “off” response consists of a 
spike series similar to the first “on”. 

As duration is decreased, the “off” response decreases in ampli- 
tude, but is still distinct at / ms, while the “on” discharges decrease 
only at still shorter durations. As intensity is decreased, the “on” 
responses decrease in amplitude more rapidly than the “off”, and the 
first “on” discharge more rapidly than the second, suggesting that 
different fibers are involved. The second “on” response and the 
“off” may sum quantitatively, again indicating different fibers in 
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Latency of response vs. log. intensity for the three prominent waves of optic 
nerve. Left, 10 sq mm image on retina; right, diffusing screen at cornea, nearly 
•whole retina illuminated. Range of intensity, 18,000 to 500 candies per sq ft. 
Stimulus duration in milliseconds at right. 
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these two responses. With decrease of either intensity or duration, 
the latencies of all responses increase. (Fig. 2.) 

We infer from such records that the retinal activity arises in 
elements distal to the ganglion cell layer, and probably in the sense 
cells; and that the total b wave represents the summation of im- 
pulses which are individually briefer. Records obtained with and 
without a diffusing screen are so closely similar as to indicate that 
the responses observed following projection of a small bright image 
on the retina are chiefly due to stray light, illuminating the retina 
as a whole by internal dispersion from the image. 
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Influence of Aldehydes on Transplanted Tumors. 
Christopher Carruthers. (Introduced by E. V. Cowdrv. ) 

From the Research Department of The Barnard Free Shin and Cancer Hospital, 

St. Louis, Mo. 


Strong obtained retrogressive changes and liquefaction of spon- 
taneous tumors in mice 1 - - and in dogs 3 by heptaldehyde. He also 
observed that the low boiling fraction of the oil of gaultheria was 
more effective than heptaldehyde alone, 4 an effect probably due to the 
presence of naturally occurring antioxidants which prevent the auto- 
oxidation of heptaldehyde. Boyland and Mawson 5 were able to in- 
duce some inhibition of both grafted and spontaneous tumors with 
citral, but heptaldehyde only inhibited the latter. 

On the other hand, Baumann, Kline, and Rusch 6 were unable to 
influence a spontaneous mammary adenocarcinoma, or tumors in- 
duced by ultraviolet light, or by benzpyrene by adding heptaldehyde 
to the diet of mice. Clarke’ found that heptaldehyde had no signifi- 
cant effect upon a transplanted spindle cell sarcoma in 14 rats. Orr 
and Strichland 8 were likewise unable to affect spontaneous and trans- 

i Strong, L. C., Am. J. Cancer, 1939, 3o, 401. 

a Strong, L. C., Science, 1938, 87, 144. 

3 Strong, L. C., and Whitney, L. F., Science, 1938, 88, 111. 

4 Strong, L. C., Tale J. Biol, and Med., 1938-39, 11, 207. 

3 Boyland, E., and Mawson, E. H., Biochem. J., 1938, 32, 1982. 

« Baumann, C. A., Kline, B. E., and Busch, H. P., Pboc. Soc. Exp. Biol, and 
Med., 1938, 39, 354. 

1 Clark, W. G., Pboc. Soc. Exp. Biol, and Med., 1939, 40, 562. 

8 Orr, J. W., and Strichland, L. H., Yorkshire Council of the British Empire 
Cancer Campaign, 1938-39, 8. 
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monophasic form which does not return to the base line during il- 
lumination. (Fig. 1.) Between 5 and 200 ms duration, and between 
18,000 and 200 candles per sq ft, the form of the retinal b wave 
changes surprisingly little. 

On the contrary, the nerve discharge alters progressively over 
these ranges. The characteristic "on'’ response to a short bright 
flash occurs in two parts, the first consisting of a sharp initial spike 
followed usually by a decreasing series at 10-ms intervals, and the 
second, a rise which falls off during further illumination, its peak 
at about 30 ms after the first. The "off” response consists of a 
spike series similar to the first “on”. 

As duration is decreased, the “off” response decreases in ampli- 
tude, but is still distinct at 7 ms, while the “on” discharges decrease 
only at still shorter durations. As intensity is decreased, the “on” 
responses decrease in amplitude more rapidly than the “off”, and the 
first “on” discharge more rapidly than the second, suggesting that 
different fibers are involved. The second “on” response and the 
“off” may sum quantitatively, again indicating different fibers in 
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Aldehydes on Transplanted Tumors 

planted tumors in mice, guinea pigs and in a dog by oral adminis- 
tration or injection of heptaldehyde. 

Experiments were therefore undertaken to study the effect of 
aldehj des, especially heptaldehyde and some of its compounds, on 
transplanted carcinomas. 

Oral, administration of pelargonic aldehyde and of heptaldehyde* 
Emulsion from one tumor was injected at the same time into enough 
mice to serve for the experimental groups and for controls. The 
food was Purina Chow. As soon as tumors became palpable, the 
mice were divided into groups of comparable tumor diameters. 
One group received pelargonic aldehyde, one received heptaldehyde, 
while the other served as controls. Forty to fifty mg of the aldehyde 
were administered orally every day until the experiment was ter- 
minated. The product of the maximum length and width (L X W), 
was used as a criterion for the growth rate of the tumors. The 
results of this experiment are indicated in Table I. The products of 
the tumor dimensions are recorded every 5 days and the increase in 
size can be observed as one reads the table from left to right. The 
first column shows the number of mice for the different groups with 
letters to indicate the type of treatment. The product of the tumor 
dimensions for any 5-day period for any of the 3 particular groups 
can be found by reading under the letter in question. Since Strong’s 
outstanding results were with small tumors, in this and in the follow- 
ing experiments, treatment was begun when tumors were either not 
palpable, or were very small, in order to study the effect of aldehydes 
upon tumors before they became so large that any inhibitory effect 
might not be indicated. Hence, there are as many horizontal columns 
as there are tumors grouped according to initial tumor dimensions. 
There is no significant inhibition on the growth rate of the trans- 
planted Marsch Buffalo Adenocarcinoma even when the aldehydes 
were administered to mice bearing small tumors. 

To check the possibility that oral administration of heptaldehyde 
might have an effect on a transplantable tumor not manifested by 
changes in the growth rate, portions of a tumor were removed from 
a mouse which had received heptaldehyde (40-50 mg) daily for 27 
days, and the tumor suspension was inoculated into 8 females. Since 
tumors developed in all the mice and grew rapidly, it is evident that 
the ability of the tumor to “take” was not lost. 

To determine whether heptaldehyde given before transplantation 
would have any effect upon the subsequent growth of the Marsch 
Buffalo Adenocarcinoma, 20 mice were fed 40-50 mg of the alde- 

* From Eastman, redistilled weekly and stored at 0-5°C. 



TABLE III. 

Effect of Intraperitoneal Injection of N-lieptaldoximo on A Carcinoma and on Marsch Buffalo Adenocarcinoma. 

Sum of avera ge tumor dimensions (L -f- W) in cm at days after treatment waa started. 
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Aldehydes on Transplanted Tumors 

hydc orally every other day for 19 days prior to inoculation of the 
tumor, and up to the time the experiment was terminated (25 days). 
Seven mice served as controls. Nineteen tumors occurred in the 
experimental group and in all of the controls, and the subsequent 
growth rate of the tumors in both groups was not significantly 
different. 

Intraperitoneal injection of heptaldchydc. It has been observed 
that heptaldehyde is capable of causing resorption of mouse embryos, 
and is especially effective when dissolved in the ethyl esters of lard 
and injected intraperitoneally. 0 On the assumption that the amount 
of aldehyde reaching the tumor after oral administration is less 
than after intraperitoneal injection, an attempt was made to inhibit 
the growth of transplanted tumors by intraperitoneal injection. 
Twenty-eight strain A mice were inoculated with an emulsion ob- 
tained from a spontaneous mammary carcinoma of the same strain, 
and as soon as tumors became palpable in some of the mice, heptalde- 
hyde was injected intraperitoneally in graded doses because of its 
toxicity every day into 16 mice: For 3 days .03 cc of aldehyde 
in .06 cc ethyl esters of lard, for 2 days .045 cc of the aldehyde in .075 
cc ethyl esters of lard, for 8 days .06 cc of the aldehyde in .06 cc 
ethyl esters of lard, for 13 days .09 cc of the aldehyde in .075 
cc ethyl esters of lard. 

Five mice were likewise treated with the ethyl esters of lard with- 
out aldehyde, while S served as untreated controls. 

The sum of the maximum length and width (L -f- W) in cm was 
used as a criterion for the growth rate. Since the treatment was 
started as soon as a few tumors became palpable (in order to study 
the effect of heptaldehyde on the growth of tumors not palpable 
when the treatment was started), the initial tumor size for 3 groups 
varied. The results given in Table II show that heptaldehyde did 
not inhibit the growth rate of this carcinoma when the initial tumors 
were small (T.P.), and, also, that it was ineffective even when the 
tumors were not palpable (T.N.P.) when the injections were started. 
Similar results were obtained for the transplanted Marsch Buffalo 
Adenocarcinoma in 9 mice in which the tumors were either not pal- 
pable or were very small when the treatment was started. 

Intraperitoneal injection of n-heptaldoxime. N-heptaldoxime 
(Eastman) was dissolved in the ethyl esters of lard (.05 cc contained 
2 or 4 mg of the oxime) and its effect upon the 2 transplanted tumors 
was studied. As soon as tumors became palpable after transplanta- 
tion, each mouse received 2 mg of the oxime per day for 2 days, then 

o Carrutlicrs, C., Proc. Soc. Exp. Biol, and Med., 1939, 41, 336. 
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complicating factor as young mice were used as hosts for trans- 
planted tumors. Bischoff and Long 11 have shown that sarcoma 180 
grew to a greater size in young Marsch Buffalo mice than in older 
mice. This strain of mice also develops spontaneous mammary 
carcinoma. 

On the other hand, Strong's results are obtained over a long period 
of time and in most of his experiments the aldehyde was mixed with 
the diet. This procedure might allow the prooxidant, heptaldehyde, 
by initiating autooxidation or by the formation of peroxides, to 
induce dietary changes and thus influence tumors indirectly. The 
odor of heptaldehyde disappears quite rapidly when mixed with diets 
at room temperature. 

Experiments are in progress to determine whether or not heptalde- 
hyde will inhibit the growth of transplanted tumors in mice whose 
vitamin E stores have been depleted, since the tocopherols are known 
antioxidants 13 which may inhibit, at least partially, the action of the 
prooxidant, heptaldehyde. 

Summary. Under the conditions of these experiments, the growth 
rates of the transplanted Marsch Buffalo Adenocarcinoma, of the 
transplanted A carcinoma were not significantly altered when : ( 1 ) 
heptaldehyde and n-heptaldoxime were dissolved in the ethyl esters 
of lard and injected intraperitoneally ; (2) the bisulfite addition com- 
pound of heptaldehyde was injected subcutaneously. The oral ad- 
ministration of heptaldehyde and of pelargonic aldehyde was also 
without influence on the progress of the transplanted Marsch Buffalo 
Adenocarcinoma. 

u Bischoff, F,, and Long, M. L., Am. J. Cancer, 1936, 27, 104. 

12 Olcott, H. S., and Emerson, 0. H., 3. Am. Chem. Soc., 1937, 59, 1008. 
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4 mg per day until the experiment was terminated. One group of 
mice served as controls, while another received injections of the 
ethyl esters of lard. Evidently (Table III), n-heptaldoxime had no 
significant effect upon these 2 transplanted tumors even when treat- 
ment was started when they were small (T.P. and [L + W] of 
0 - 2 . 0 ). 

Subcutaneous injection of the bisulfite addition compound of 
hcptaldehydc. Heptaldehyde was added to a saturated solution of 
NaHSOs, the addition compound was thoroughly washed with dis- 
tilled water, and dried over CaCh. The addition compound was 
made weekly and dissolved in distilled water prior to subcutaneous 
injection. In a preliminary experiment 5 mg of the addition com- 
pound were injected daily' into 6 strain A mice bearing the A carci- 
noma, but no inhibitory effect was noticed, although the tumors were 
small when the treatment was started. Later 20 mg of the compound 
were injected daily into the same strain bearing the same carcinoma, 
but the results (Table IV) give little indication of any inhibition 
even when the initial tumor (L-f-W) is small (T.P.), or even 
when tumors could not be palpated when treatment was started 
(T.N.P.). Nine mice bearing the transplanted Marseh Buffalo 
Adenocarcinoma were also treated with 20 mg of the addition com- 
pound daily, with the same results. Mice bearing both of these 
tumors were also treated with an equivalent amount of NaHS0 3 , 
but without effect. 

None of the above compounds induced noticeable liquefaction of 
the tumors. Subcutaneous injection of heptaldehyde resulted in 
necrosis which prevented this type of administration. Heptaldehyde 
ammonia had a similar effect and it was highly toxic via the intra- 
peritoneal route. 

Strong’s success with heptaldehyde was with spontaneous tumors. 
Practically no effect has been demonstrated on transplanted tumors. 
The reason for this difference is unknown. However, Cramer and 
Horning 10 have shown that “brown degeneration’’ occurs in the 
adrenals, at least in several strains of mice which have a high inci- 
dence of spontaneous mammary carcinoma. Since spontaneous 
tumors arise in older females, the question arises as to the relative 
efficacy of heptaldehyde in young and in old mice bearing tumors, 
especially in the latter, because “brown degeneration” of the adrenals 
may be indicative of other endocrine changes, thus possibly allowing 
greater aldehyde activity. “Brown degeneration” has been observed 
in the adrenals of strain A mice in this laboratory, but was not a 


10 Cramer, W., and Horning, E. S., Lancet, 1939, 192. 
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smears ; those of the males by direct tests for copulation. The mean 
age of first estrus for the 82 females was 51.1 days; the mean age at 
first copulation by the males was 58.3 days. The extremely early 
and extremely late cases were used as the parental generation. 

The sire used from the parental generation representing the 
early strain copulated at the age of 44 days, and the 1 1 dams of the 
early strain were first in estrus at ages ranging from 35 to 43 days 
(mean, 40.0 days). For tire late strain there were 2 sires, one copu- 
lating at the age of 70 and the other at the age of 76 days, and 10 
dams with ages of first estrus ranging between 58 and 73 days 
(mean, 65.3 days). In the 6 succeeding generations the early 
pubescent animals selected for breeding never exceeded the puberal 
age of 49 days; the means for males and for females ranged between 
37 and 43 days, with that of the males always slightly lower. The 
puberal age of males and females representing the late strain never 
fell below 55 days. For the late males the means ranged between 70 
and 75 days and for females between 62 and 65 days. 

The cumulative effects of selective breeding on age of puberty 
shown by the F 0 generation is given in Table I and is graphically 


TABLE I. 

Frequency Distributions of Ages of Puberty in Albino Bats of the Gtli Selectively 

Bred Generation. 


Ages 

Early 

Males 

Early 

Females 

Late 

Males 

Late 

Females 

34-36 

19 

11 

1 

0 

37-39 

16 

21 

0 

1 

40-42 

20 

31 

1 

1 

43-45 

23 

26 

2 

8 

46-48 

29 

20 

2 

12 

49-51 

18 

10 

6 

7 

52-54 

11 

1 

9 

12 

55-57 

8 

1 

10 

14 

58-60 

6 

0 

10 

8 

61-63 

6 

0 

9 

6 

64-66 

3 

0 

7 

2 

67-69 

0 

0 

7 

6 

70-72 

2 

1 

9 

5 

73-75 

0 

0 

1 

2 

76-78 

0 

0 

1 

1 

79-81 

3 

0 

2 

1 

82-84 

0 

0 

1 

1 

85-87 

0 

0 

0 

2 

88-90 

0 

0 

1 

0 

91-93 

0 

0 

0 

0 

94-96 

1 

0 

0 

0 

97-99 

1 

0 

1 

0 

Total 

166 

128 

80 

89 

Mean 

47.56 

42.98 

61.18 

56.87 

<r 

10.50 

5.07 

10.47 

10.38 
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Change of the Age of Puberty in Albino Rats by Selective 

Mating.* 

Calvin P. Stone and R. G. Barker. 

From the Department of Psychology, Stanford University. 

During 3 decades, ending about 1922, the reported age of puberty 
in albino rats shifted downward approximately 20 to 30 days. This 
change has been ascribed in part to improved diets and husbandry, 
in part to the use of criteria based on estrus and copulation, rather 
than on fecundation, and in part to other still unrecognized causes. 
Among the latter, selective breeding has long been suspected of play- 
ing an influential role in view of the fact that animal breeders are 
not able to separate accurately the genetically late pubescent animals 
from those actually retarded because of illness, malnutrition, over 
crowding, or other adventitious circumstances contributing to what 
they consider undesirable breeding stock. A confusion of this kind 
would, in time, reduce the proportion of genetically late maturing 
animals in the breeding colony and thus tend to lower the mean ages 
of puberty in representative animals from the colony. To throw 
some light on the readiness with which selective breeding might 
affect mean age of pubescence, the present experiment was under- 
taken. 

In starting the experiment, 25 pairs of albino rats, descendants of 
the inbred Slonaker colony and originating approximately 35 years 
ago from Wistar stock, 6 months of age and known to be fertile were 
mated and allowed to produce one litter each ; from these the parent 
generation was selected. Although we realized that a still larger 
number of pairs was desirable in order to provide a goodly number 
of extreme cases, facilities at our disposal at that time prevented our 
exceeding the number specified above. Nothing was known con- 
cerning the ages of pubescence of these 25 pairs. 

From the 25 litters 62 males and 82 females were reared. So far 
as possible living conditions for all of the litters were kept similar 
and a regular routine of feeding, handling, and examining the young 
was adopted so as to minimize variables in this sphere of influence. 
All of this generation and those which followed were fed the 
Steenbock mixture, supplemented with lettuce once a week. The 
ages of pubescence of the females were determined from vaginal 

* This study ivas financially supported by a grant from the Committee for 
Research on Sex Problems, National Research Council. 
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Bacteriostatic Action of Various Wetting Agents upon Growth 
of Tubercle Bacilli in vitro * 

B. L. Freedlander. (Introduced by Ernest L. Walker.) 

From the Department of Medicine, University of California Medical School, the 

San Fra7icisco Hospital, and San Francisco Department of Public Health. 

Wetting agents in general possess the properties of penetrating 
and emulsifying surface films of fatty substances to a high degree, 
and are powerful surface tension reducers. For these reasons, it is 
of interest to observe their action on tubercle bacillli with their 
enveloping fatty capsule. The bactericidal action of several wetting 
agents on some organisms have been investigated, but little has 
been done in testing the effect of these compounds on the growth of 
tubercle bacilli. 

The following compounds were tested for bacteriostatic action : 
Nacconol NR,f an alkyl aryl sulfonate; Aerosol OT-lOO, an ester 
of a sulfonated bi-carboxylic acid; Aerosol OS, a sodium salt of an 
alkyl naphthalene sulfonic acid; and Zephiran, a mixture of high 
molecular alkyl-dimethyl-benzyl-ammonium chlorides. All the 
agents were approximately neutral in solution. 

A non-virulent'Novy strain of tubercle bacilli was grown on liquid 
synthetic asparagin media containing 6% glycerin, with pH 7.4. 
This produces a heavy surface growth in 2 to 3 days. Dilutions of 
the wetting agents were made in normal saline and added in equal 
amounts to tubes containing 4.5 cc of media. A large loopful of 
surface growth of a 3-day culture of tubercle bacilli was inoculated 
on a cork float in each tube. The tubes were then slanted and incu- 
bated at 37°C. Readings of the amount of growth were made at 
2-day intervals. 

The results are shown in Table I. The most effective wetting 
agent is Zephiran, which produced complete inhibition of growth 
in dilution of 1 :80,000, and retardation of growth in dilutions as 
high as 1 :400,000. Nacconol NR and Aerosol OT-lOO prevented 
growth in dilution of 1 :5,000, and retarded growth in dilution of 
1 :40,000. Aerosol OS produced the lowest bacteriostatic action, 

* This investigation was aided by a grant from the San Francisco Tuberculosis 
Association. 

t Nacconol, a product of the National and Chem. Co.; Aerosol, a product of the 
Amer. Cyanamid & Chem. Corp. ; Zephiran, a product of the Alba Pharmaceutical 
Co. 




50 


Age of Puberty in Rats 



r evicts 

*»*OI 

l »’t 




^ e t« e» 10 u es te 


represented in Fig. 1. The mean ages of puberty for early and late 
males of the F e generation differ by 13.6 days; those for females 
by 13.9 days. For each sex the difference in means is statistically 
significant. 

As the distributions clearly show, there is still a large amount of 
overlapping in the two strains. Further selective breeding should 
reduce this amount, but it is unlikely that it will eliminate it entirely. 
Two reasons for this may be given. Mild cases of illness and mal- 
nutrition tend to retard a few animals of the early strain in each 
generation and thus contribute to overlapping. Also the experi- 
menter is unable to differentiate with the required exactitude those 
animals that are genetically late in maturing from those that are 
late because of both the genetic factor and adventitious factors that 
cause retardation. Thus he is not able to obtain in every instance 
the very best breeders to represent the late strain. 

Summary. In this paper evidence is given which clearly indicates 
the possibility that lowering of the mean age of puberty in rat colo- 
nies during the past 30 years may have been due, in part, to selective 
breeding of early pubescent stock. 
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permitting growth in dilution of 1 :1,000, and retarding growth 
slightly in dilution of 1 : 10,000. The above results are not strictly 
comparable, as the degree of chemical purity of each of the com- 
pounds is unknown. 

Although the bacteriostatic action of Zephiran against tubercle 
bacilli is high, its bactericidal action is low. To 4.5 cc of a 1 :1000 
dilution of Zephiran was added J4 cc of an undiluted 3-day growth 
of tubercle bacilli, which previously had been well shaken to break 
the surface film into small particles. This mixture was incubated at 
37°C for l /z hour, then centrifugalized, washed twice with normal 
saline, and the sediment planted on Lowenstein’s egg media. The 
growth was positive. 

The superior bacteriostatic action of Zephiran over that of the 
other wetting agents is not due entirely to its ability to reduce sur- 
face tension or to superior wetting qualities, as these qualities are 
approximately the same in all the compounds tested. Its superior 
action is probably inherent in its molecular structure. 
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Functional Transplants of Epithelial Hypophysis in Three 
Species of Amblystoma. 

Wayne J. Atwell and James W. Taft. 

From the Department o } Anatomy, University of Buffalo. 

Previously it has been shown 1 ’ 2 that transplantation of the primor- 
dium of the epithelial hypophysis, independent of brain and fore- 
gut, may be followed by differentiation and function of the trans- 
plant in 2 species of frogs, Rana sylvatica and R. pipiens. Although 
numerous transplants were attempted with embryos of Amblystoma 
punctatum no unequivocally successful cases were obtained. This 
seemed to confirm the conclusions previously reached by Blount, 3 
who held that the epithelial portion of the hypophysis is dependent 
upon an association with the neural lobe for its differentiation and 
functioning. 

More recently Blount 4 has presented evidence to show that hypo- 

1 Atwell, W. J., Peoc. Soc. Exp. Biot., and Med., 1935, 88, 224. 

2 Atwell, W. J., Anai. Bee., 1937, 68, 431. 

a Blount, E. F., J. Exp. Zool., 1932, 08, 113. 

4 Blount, E. F., Anat. Bee., 1939, 73, Sup. 1, 7. 
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lobe or a distinct pars tuberalis be recognized. Some of the trans- 
plants consisted in part of epithelial cysts or vesicles, die derivation 
of which is not always clear. Some of them, however, exhibited the 
structure of the epidermis. A few may have been derived from cells 
inadvertently removed from the brain floor and included with the 
transplant. 

The successfully transplanted cases gave evidence of function of 
the pars intermedia by being dark in color in striking contrast to the 
silveiy condition of hypophysectomized animals without transplants. 
The dark color was observed to be due to dispersion of pigment in 
both dermal and epidermal melanophores. Several animals with 
transplants exhibited a more intense pigmentation than normal, un- 
operated controls. 

In a number of cases the living animals showed a spot of still 
darker coloration. 3-4 mm in diameter, in the dorsal skin, caudal to 
the right eye. In a few instances this dark spot was located in the 
roof of the mouth or pharynx ventral to the internal ear. In each 
of the above cases study of serial sections revealed that the transplant 
was located in relation to the center of the dark area, being either 
subepidermal or submucosal. This was taken to indicate that in 
certain cases at least the transplant may exert a local as well as a 
systemic effect on pigment cells. 

The function of the pars anterior of the transplanted hypophysis 
was evidenced bv the normal size of the thvroid elands as contrasted 

* « O 

with the atrophic condition found in hypophysectomized animals 
without transplants. None of the animals had completed meta- 
morphosis although several had made noticeable progress in that 
direction. 

Summary. Autoplastic, heterotopic transplants of the primor- 
dium of the epithelial hypophysis have been made in three species of 
Amblystoma. These transplants differentiated without contact with 
the brain, and gave evidence of chromatophorotropic and thyreo- 
tropic activity. 
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physeal transplants in A. punctatum may produce thyreotropic hor- 
mone^ Regarding the pars intermedia, however, he states that this 
lobe “ does seem dependent upon the pituitary floor of the dien- 
cephalon for its development.” Burch, ° by operations performed 
on Hyla rcgilla in the gastrula stage, was able to suppress the differ- 
entiation of the pars intermedia and thus to produce silvery animals. 
Eakin 0 undertook experiments upon Trititrus torosus, to confirm 
Burch’s findings. At a stage corresponding to Stage 36 in Harrison’s 
series gelatin was injected into the fore-gut. Following this pro- 
cedure a single case of ‘albinism’ was found. This, together with 
the histological picture, was taken to indicate that the differentiation 
of the epithelial hypophysis is dependent upon the inducing power 
of the infundibulum. 

The present experiments were performed upon embryos of A. 
jeffersonianum, A. tigrinum, and of the white axolotl (partial-albino 
strain of A. mcxicamnn). Operations were done at the tail-bud 
stage, corresponding approximately to Harrison’s stages 30-32 for 
A. punctatum. Using care not to remove any of the brain floor the 
solid primordium of the epithelial hypophysis with some of the asso- 
ciated ectoderm was transplanted in the same animal to a position 
between the right otocyst and the hind brain. A small incision 
through the epidermis permitted the insertion of the transplant. The 
point of entrance was dorsal and rostral to the otocyst. Animals 
were reared in the laboratory for from 2 to 4 months. Completely 
hypophysectomized animals without transplants and normal, unop- 
erated salamanders served as controls. 

For a transplantation experiment to be considered successful it 
was required that study of the animal and of the serial sections show : 
(1) entire absence of the epithelial hypophysis from the orthotopic 
position, (2) characteristic hypophyseal tissue in the region into 
which the transplant had been placed, and (3) some evidence of 
function of the transplant as described below. Forty such ‘success- 
ful’ cases are included in this report, 35 being of A. jeffersonianum, 

3 of A. tigrinum, and 2 of the white axolotl. These 40 cases are 
from 72 operated animals studied at autopsy. 

Most of the transplants were contained in the cartilage surround- 
ing the internal ear. A few were dorsal, ventral, rostral or medial 
to the otic capsule. Only 2 were contained in the cranial cavity. 
Histologically the transplants showed the structure of the pars 
intermedia and/or of the pars anterior. In no case could a neural 

TBurc^ A. B., Pp.oc. Soc. Exp. Biol, and Med., 1938, 88, BOS. 

G Eakin, E. M., Growth, 1939, 3, 373. 
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daily intake of approximately 120 nig and equal to at least 500 mg 
per kilo of body weight. 

The sulfanilamide had no apparent effect on the Bartonella muris. 
All 15 of the treated rats gave positive blood smears, taken on the 
third to fifth day after being infected, and 10 died within 12 days. 
These were practically the same results as obtained in 15 untreated 
controls where 14 gave positive blood smears and 8 died. The effec- 
tiveness of sulfanilamide was further tested by adding 1% to the 
solution of physiological saline and sodium citrate just described 
for Group A. The donor blood was added to this 1 % mixture and 
allowed to stand 10 minutes, then injected intraabdoniinally into 
the splenectomized recipient rats. The results again failed to show 
any beneficial effect from sulfanilamide: 13 of the 15 rats in this 
group showed positive blood smears and all w ere dead within 12 days 
The toxicity of the sulfanilamide may have contributed to the high 
mortality in this group as compared to the controls. In all groups 
the Bartonella muris bodies disappeared rapidly from the blood and 
were usually not found after the fifth day , even though the symptoms 
were so severe that the rats continued in an emaciated condition for 
several more days. After the twelfth day, few died. 2, " 

Summary. Splenectomized rats infected with Bartonella muris 
w'ere treated with sulfanilamide in doses of 500 nig per kilo of body 
weight. A study of 30 rats thus treated showed that the treatment 
had no detectable effect on Bartonella muris. The toxicity of the 
sulfanilamide seemed to be a factor contributing to the mortality. 
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Effect of Thymectomy at Birth on Spermatogenesis in the 

Albino RatA 

James C. Plagge (Introduced by Carl R Moore ) 

From Hull Zoological Laboratory, The Unnersity of Chicago 

Shay, ct al J reported severe retardation of spermatogenesis fol- 
low ing roentgen destruction of the thjrnus during the first few' days 
of the rat’s life. It would appear that if X-ray treatment of the 

* Tins investigation lias been aided bj a giant from tin* Dr Wallace ( and 
Clara A. Abbott Memoual Fund of The University of Chicago 

1 Shay, Harry, Gershon Cohen, Jacob, Pels, Samuel S , Moralize, David K , and 
Meianze, Theodore, J. Am. Med Asm., 1939, 112, 290 
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Treatment of Bartonella muris Infections with Sulfanilamide. 

Frederick E. Emery. 

From the Department of Physiology, School of Medicine, University of Buffalo, 

Buffalo, K. T. 

Splenectomy in rats is often followed by anorexia, anemia, hema- 
turia, emaciation, and death. The cause of these severe symptoms 
is known to be a parasitic infestation commonly spoken of as Bar- 
tonella muris infection. 1 ' 3 Although the treatment of this condi- 
tion is unsatisfactory, certain substances are beneficial, such as, 
arsenicals, 4 copper and iron, 5 and extracts of spleen. 5 

The beneficial effect of sulfanilamide and related compounds in 
distemper has been shown in dogs by Marcus and Necheles, 6 and in 
ferrets by Docliez and Slanetz. 7 Negative results have been noted in 
canine distemper 8 and in rats infected with Trichinella spiralis. 1 ' 
The wide use of sulfanilamide in these, and in other blood infections, 
led to the present experiments with Bartonella muris. 

The rats used in these experiments were nearly full grown albino 
males. They were kept in a room having a constant temperature of 
26°C with a variation of 2°C. Their diet consisted of Purina dog 
chow and water. Splenectomy, performed under ether anesthesia, 
was done through a shaved area of the skin, sterilized with alcohol. 
The same day, blood from a splenectomized rat suffering from an 
acute infection of Bartonella muris was injected intraiibdominally. 
Five cc of blood from the donor were mixed with 18 cc of 0.9 % 
NaCl and 2 cc of a 25% solution of sodium citrate, making a total 
of 25 cc. Each recipient received 5 cc of this mixture. A 1 % sus- 
pension of sulfanilamide was given intraiibdominally twice daily for 
5 days in,5 cc amounts or a total daily injected dose of 100 mg. Also, 
about 20 mg daily were eaten with ground wheat. This made a total 

1 Lauda, E., Virchows Arch. path. Anat., 1925, 358, 529. 

2 Ford, TV. TV., and Eliot, C. P., J. Exp. Med., 1928, 48, 475. 

3 Emery, F. E., et ah, Endocrinology, 1940, 20, 167. 

•# Mayer, M., ct ah, Klin. IVschr., 192G, 5, 559. 

a Perla, D., and Marmora ton-Got teaman, J., J. Exp. Med., 1932, 50, 77(, 783. 

0 Marcus, P. M., and Necheles, H., Proc. Soc. Exp. Biol, and Med., 193S, 
38, 385. 

7 Docbez, A. R., and Slanetz, C. A., Science, 1938, 87, 142. 

8 Dickerson, V. C., and Whitney, L. F., Proc. Soc. Exp. Biol. and Med., 1938, 

38, 263. 

o McCoy, O. R., Proc. Soc. Exp. Biol, and Med., 1938, 38, 461. 
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5S Spermatogenesis in Thymectomized Albino Rats 

thymus of newborn rats exerts such an influence on the testes, then 
complete smgical removal of the thj'mus at the same age would 
achiere similar results. This paper reports results of thymectomy in 
newborn albino rats with special reference to the progress of 
spermatogenesis. 

Methods and Materials. The histological criterion for spermato- 
genesis used was that reported .by Aloore" in which the ”sperm-head 
stage” appears between 33 to 35 days of age. 

Forty-six male albino rats, representing 1 1 litters, were used. In 
all cases the litter was employed as the unit. The testes of thymecto- 
mized rats were compared with those of unoperated or sham-operated 
littermate controls. The thymus was removed before the animal 
was 24 hours old. Operations were performed under ether anes- 
thesia or after chilling the animal. A mid-ventral section of the 
anterior end of the sternum was made back to the 4th intercostal 
space. Only those cases have been considered in which the thymus 
was removed in tolo without surgical complications; in which no 
accessory cervical thymic tissue was seen at the time of the operation ; 
and in which histological examination of suspected thymus rests, 
recovered at autopsy and sectioned serially, proved not to be thymus 
tissue. Both thymectomized animals and their littermate controls 
were weighed at 5-day intervals and were sacrificed at 33, 37. and 
3S days. 

Testes and seminal vesicles were weighed fresh and fixed in 
Bouin’s solution. Complete cross sections of testes were cut at 7 
micra and stained with Ehrlich's hematoxylin. Fifty seminiferous 
tubules were inspected in each of 5 different sections. The per- 
centage of tubules containing sperm heads in the 250 tubules thus 
examined per animal was recorded as an index of the amount of 
spermatogenesis that had taken place. 

Effect ou testis. Table I presents data recorded for 46 rats. 25 
of which were completely thymectomized at birth. The results of 
sperm head counts in exactly 250 seminiferous tubules per animal 
are expressed in percentage. It will be seen that all 9 thymectomized 
rats from 4 litters sacrificed at 33 days of age failed to show any 
sperm heads in the testes. In 5 of the 7 littermate controls, autopsied 
at the same time, sperm heads were completely missing. In 2 of the 
controls, 0.S% of the tubules contained sperm heads. 

Out of 14 thymectomized rats sacrificed at 37 days of age, 32 
showed sperm heads in 10% to 42% of the tubules examined, and 
2 (Nos. 118 and 119) failed to exhib it sperm heads. Two unop- 

2 Moore, Carl, R., Am. J. Anat., 1930, 59, 03. 
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crated attenuate controls of the latter (Nos. 120 and 121) also 
revealed no sperm heads. One other control (No. 98) failed to 
show sperm heads on this day, whereas 9 had sperm heads in from 
5% to 37% of the tubules observed. 

In one litter of 4 males sacrificed at 3S days of age, both the 2 
operated and the 2 control animals showed sperm heads in 24% to 
33% of the tubules. 

Neither absolute nor relative fresh testicular weights were in- 
fluenced by thymectomy. This is an interesting point in view of the 
fact that gonadectoniy of newborn male or female rats causes a 
definite hypertrophy of the thymus. 3 

These results indicate that thymectomy of the newborn male rat 
neither accelerates nor retards the process of spermatogenesis as 
judged by the first appearance of sperm heads in the testis. 

Effect on seminal vesicle. Gross and histological examinations 
were made of the seminal vesicles of thymectomized rats and their 
respective liftermate controls. The histology of the seminal vesicle 
has been described as a reliable indicator of male hormone secretion. 4 
At 33 days of age both thymectomized and control rats showed 
granular cytoplasm in the epithelium of the seminal vesicle. At 37 
and 38 days distinct secretion granules were found in the vesicles 
of operated and control animals. Furthermore, the absolute and 
relative fresh weights of the seminal vesicles were practically the 
same for both groups. 

Individual body weights, recorded at 5-day intervals, gave no 
indication that thymectomy in rats at birth, if unaccompanied by 
surgical complications, has any influence upon general body growth 
up to 37 days of age. 

Summary. Twenty-five male albino rats from 11 litters were 
thymectomized at birth. These were sacrificed at the ages of 33, 37, 
or 38 days. Testes and seminal vesicles were compared with 21 
unoperated or sham-operated iittermate controls. The results indi- 
cate that complete thymectomy of newborn rats neither hastens nor 
retards spermatogenesis, hormone output or growth of the testis. 

3 Plngge, James C., unpublished. 

■i Moore, Car] I?., Hughes, Winifred, and Gallagher, T. F., Am. J. Anal., 1930, 
45, 109. 
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Failure of Ovarian Hormones to Cause Mating Reactions in 
Spayed Guinea Pigs with Hypothalamic Lesions.* 

J. M. Bkookhakt, F. L. Dey and S. W. Ranson. 

From the Institute of Neurology, Forth western University Medical School. 


It has been reported that female cats with small lesions in the 
hypothalamus in such a position as to interrupt the supraoptico- 
hypophysial tract were not observed to come into heat and were never 
bred in the laboratory . 1 It has more recently been found that the 
production of small lesions in a comparable part of the hypothalamus 
of the female guinea pig is followed by a complete lack of the mating 
response and in some cases also by disturbances in the ovarian cycle . 2 
Although the disturbances in the sexual cycles may be attributable 
to a secondary disruption of hypophysial function, the majority of 
the animals showed regular sexual cycles which were normal so far 
as the physical changes in ovaries, uteri and vaginae were concerned, 
suggesting that their hypophyses were functioning normally. The 
present investigation was undertaken in order to determine whether 
the lack of the mating response in guinea pigs following hypothala- 
mic lesions of the type described is due to an hormonal insufficiency 
or to the destruction of neural elements indispensable to the estrous 
or mating reflex. 

Marrian and Parkes 3 have shown that vaginal estrus may be 
brought about by an amount of estrogen which is insufficient to 
induce uterine changes or copulatory behavior. On the other hand, 
Dempsey and Rioch 4 were unable to induce behavioral estrus in a 
guinea pig following removal of the brain rostral to a plane extend- 
ing between the anterior limits of the superior colliculus and the 
posterior edge of the mammillary bodies, although the reflex arc 
remained intact when the ventral limit of the section was in front of 
the mammillary bodies. On the basis of this evidence they have 
postulated a sexual center located in the ventral hypothalamus at the 

* Aided by a grant from the Committee for Research in Problems of Sex of the 
National Research Council. 

i Fisher, C., Magoun, H. W., and Ranson, S. W., Am. 3. Obstct. anti Gyncc., 
1938, 86, 1. 

Dey, F. L., Fisher, C., Berry, C. M., and Ranson, S. W., Am. 3. I y h nmol, 1940, 
129, 39. 

3 Marrian, G. F., and Parkes, A. S., 3. Physiol., 1930, 69, 372. 

4 Dempsey, E. IV., and Rioch, D. 51., 3. X europhysiol., 1939, 2, 9. 
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le\d of the mammillary bodies. Bard,® however, lias reported that 
estrous responses may be elicited in cats following massive lesions 
in the posterior hypothalamus which destroy all known descending 
paths from that part of the brain, and believes that the integration 
of the reflex is a mesencephalic function. 

A series of 27 young, adult female guinea pigs, weighing between 
400 and 600 g, were ovariectomized. Following a recovery period 
they were each brought into full behavioral estrus several times by 
the subcutaneous injection of 12.5-15.0 IU of estrogen t on hours 0, 
24, 48, and 60, followed by 0.2 IU of progesterone? on hour 72, 
after the method described by Collins, Boling, Dempsey and Young.® 
After the constancy of the response to ovarian hormones had been 
established in each animal, lesions were placed in the hypothalamus at 
the level of the posterior border of the optic chiasma with the aid of 
a Horsley-Clarke instrument bearing a unipolar electrode. Three 
lesions were placed in each animal, one in the midline and one on each 
side of the midline at a distance of one millimeter, by passing a direct 
current of 3.0 ma for 30 seconds. In 22 animals the lesions were 
placed 1 mm above the ventral surface of the brain, and in 5 animals 
the lesions were placed 6 mm above the ventral surface. Five of 
the animals with the low lesions failed to survive the operation. 
Gross inspection of the brains from these animals indicates that the 
lesion occurs just posterior to the optic chiasma. The remaining 22 
animals recovered completely, grew normally, and remained in ex- 
cellent condition for the duration of the experimental period. Aside 
from the diabetes insipidus which developed in some animals, and a 
transitory period of depression which lasted for approximately 12 
hours after the operation, there were no criteria bj’ which the oper- 
ated animals could be differentiated from normal anestrous female 
guinea pigs. 

At least 2 attempts have been made to induce estrus in 17 of these 
animals with lesions near the ventral surface of the brain, using the 
dose of ovarian hormones which was sufficient to alter the behavior 
of the animals before the lesion. None of the animals so treated 
showed either proestrous or estrous behavior. It was impossible to 
elicit the estrous reflex by manual stimulation of the vulva or the 
lumbo-sacral region of the back, and none of these animals would 

Bard, P., Xes. Publ. Assn. Jlcs. Xcrv. 3[cnt. Dis., 1940, 20, ool. 

( Tiieelin, through the courtesy of Dr. Oliver Kamm, Parke, Davis and Co. 

t Proluton, through the courtesy of Dr. Erwin Sf hivenk. .Sobering P°’ P- 

r, Collins, V. J., Boling, .T. L., Dempsey, E. W., and Young, W. C., Endocrtn- 
ofop.i/, 1038, 23, 188. 
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accept the male. All gave good avoiding responses to such stimu- 
lation. after the manner of a normal anestrous female. In subse- 
quent trials. 8 of the animals were injected with double the usual 
dose of hormones and failed to show estrus, while 4 of the animals 
were injected with quadruple the usual dose of hormones and also 
failed to come into heat. 

That the failure of the ovarian hormones to induce estrus in these 
animals is not due to a non-specific effect of destruction in the 
central nervous system is shown by the experiments of Bard, 7 Bard 
and Rioch, s Brooks,' - ' Dempsey. 10 and Davis.” In addition, the 5 
animals which have had lesions placed 6 mm instead of 1 mm above 
the ventral surface of the brain have been brought into heat with the 
same dose of hormone which induced estrus before the lesion was 
made. 

These results differ from those of Dempsey and Rioch 4 and Bard. 5 
Dempsey and Rioch's localization of the sexual center is based pri- 
marily upon the results of acute experiments on one guinea pig and 
one cat. In their chronic experiments failure to induce estrus fol- 
lowing the removal of the anterior hypothalamic region is attributed 
to the debilitating effect of the operation on the animal. In their 
acute experiments successive transections were made in the same 
animal at various levels of the brain stem either with a blunt spatula 
or with a small sucker. In such experiments the accuracy of the 
localization of a “center" depends entirely upon the accuracy with 
which the location of the destruction to the central nervous system 
can be determined. We believe it may be significant that out of 
the 5 cats reported upon by Bard, the lesion in the one animal which 
failed to come into heat extended farther forward than in the other 4 
animals. Although the main body of the lesion in the cats involved 
all known descending tracts from the hypothalamus, the possibility 
of the conduction of descending impulses by other paths has not yet 
been ruled out. 

Summary. Following appropriately placed lesions at the level of 
the posterior border of the optic chiasma, ovariectomized guinea pigs 
failed to respond to previously effective dosages of estrogen and pro- 
gesterone. The results reported here indicate that the failure of these 
animals to show estrous behavior is not due to a lack of ovarian hor- 

* Bard, P., Am. .7. Physiol., 1936, 116, 4. 

8 Bard, P., and Biocli, D. M., Bull. Johns Hoplins Bo. ip., 1937, 60. 73. 

9 Brooks, C. M., Am. J. Physiol., 1937. 120, 544. 
io Dempsey, E. W., Am. J. Physiol, 1939, 126, 75S. 
u Davis, C. D., Am. J. Physiol, 1939, 127, 374. 
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mones. It is possible that the lack of response to the hormones is a 
result of the destruction of a portion of the central nervous system 
which is indispensable to the integration of a complex behavior pat- 
tern. If further control experiments prove this to be the case, then 
the possibility must be considered that the integrating mechanism 
involved is located in the midventral portion of the anterior hvpo- 
thalamus instead of the region of the mammillary bodies or the 
mesencephalic tegmentum. 
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Selective Localization of Evans Blue (T1824) in Subplacental 
Portions of Entoderm in the Rat.* 1 

Alexander Brunsciiwig. Robert L. Schmitz and Sherman 

Jennings. 

From the Deportment of Surq rnj, The Unnmity of Chicago. 


The dye, Evans blue (T1S24), a non-toxic, azo-compound, isomer 
of trypan-blue, has been observed following intravenous injection to 
localize selectively in and about malignant neoplasms in animals 1 
and in man 2 but does not localize selectively in and about benign 
tumors in man or animals. 2 In and about the malignant neoplasms it 
accumulates in the macrophages and fibroblasts of the stroma. It 
does not penetrate into the neoplastic cells themselves, whether they 
be carcinoma or sarcoma. 

During the course of experiments to observe its localization in 
tumor-bearing rats a pregnant animal (about mid-term) was inad- 
vertently employed. At necropsy 24 hours after intravenous injec- 
tion of 4 mg of the dye dissolved in 1 cc distilled water, it was noted 
that in addition to the sarcoma there was marked selective concen- 
tration of the dye in that portion of the visceral entoderm subjacent 
to the disc-shaped placenta. The remainder of the visceral entoderm 
did not appear grossly to have localized the dye (Fig- 1 )• The 
uterine musculature appeared tinged lightly blue as did the placenta; 
tbe embryo, and the amniotic fluid contained no dye grossly visible. 

To confirm these observations 7 pregnant femal e white rats were 

* Tills u ork tins carried out undei a grant from the Cancer Research Institute 
of the Chicago Woman’s Club, Chicago, Illinois. 

1 Duran-Reynals, F., Am. J. Cancer, 1939, 35, 98. 

a Brunsciiwig, A., and Claihe, T. H., Am. J. Path., in press. 
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Fig. 1. 

Diagram of cross-section of rat embryo in latter part of gestation. % E, visceral 
entoderm. ZB. subplacental portion of visceral entoderm with villous-iiRe processes. 
These processes are not visible macroscopicallv. Selective localization of Evans 
bine was noted in this zone. AZ, anti-placental portion of visceral entoderm: cells 
are relatively lower in this region and no localization of tlic dye was noted here. 

injected with similar quantities of dye. some at mid-term, and some 
just prior to the expected date of delivery. The animals were killed 
and at necropsy. 24 hours after injection, the concentration of the 
dye was observed in each instance as described above. Six preg- 
nant females were injected with 4 mg of trypan blue. In 3 the 
localization occurred in the subplacental portion of entoderm as was 
found for Evans blue: in one the localization was not intense in this 
area, and in 2 it did not occur at all. Two pregnant females re- 
ceived intravenous injections of .5 cc India ink (diluted with water 
1 to 3) and the latter localized definitely within the placenta as well 
as in the liver, spleen, bone marrow and some lymph nodes. The 
entire entoderm remained free from India ink. 

Microscopic study of sections of the excised entoderms, portions 
of which had concentrated the Evans blue, and which were rapidly 
fixed, dehydrated and embedded to prevent loss of dye by diffusion, 
showed the dye within the columnar entoderm cells themselves as 
small aggregates of blue granules. The subplacental portions of the 
visceral entoderm are composed of tall columnar cells thrown into 
villus-like processes. The cells of the visceral entoderm became pro- 
gressively flatter away from the placenta until over the area opposite 
the placenta where no dye was concentrated they are very low, flat- 
tened cells. 

Discussion and Summary. The above described selective localiza- 
tion of Evans blue is of special interest since this localization in 
epithelial cells is in contrast to that observed when the dye concen- 
trates selectively in and about carcinomas or sarcomas which localiza- 
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lion is in mesoblastic cells of the stroma— f. c„ fibroblasts and mac- 
rophages. Such selective concentration might denote a special 
physiologic property of a portion of the visceral entoderm in the 
type of placentation represented in the rat. 

Goldmann J in his studies on intravital staining showed that trypan 
blue was concentrated in all of the entoderm in mice. However, 
storage of this dye was also observed by him in all of the reticulo- 
endothelial system, of the mother, because of the relative enormous 
doses of the dye administered. Such very large doses precluded the 
demonstration of selective affinity for the dye on the part of certain 
tissues, as for example, the subplacental visceral entoderm. In his 
excellent monograph entitled “The Localization of Disease” Bur- 
rows 4 illustrates in colors the exposed viscera of a pregnant rat 
injected with isamine blue. The uterine horns have not been opened 
and the dye appears localized in and about the placenta. The illus- 
tration was published to indicate specific concentration of the dye 
in the placenta. From our own studies in which the gross appearance 
of the unopened pregnant uterus was similar to that depicted by Bur- 
rows, we would raise the question of whether the dye he used was 
also concentrated not in the placenta primarily, but rather in the 
subjacent visceral entoderm as occurred with Evans blue in the ob- 
servations reported above. 
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Use of Orally Administered Desiccated Thyroid in Production 
of Traumatic Shock. 

R. J. SciiACinEU AXD J. Huxtingtox. (Introduced by N. 

Hickman.) 

From the Department of Physiology, University of Chicago. 

In an attempt to study the effect of adrenal cortical extracts on 
traumatic shock, we observed that normal anesthetized dogs, follow- 
ing repeated trauma to the limbs, testicles and gut, did not go into 
shock at least within S hours. We discussed this problem with Dr. 
Ivy, 1 who had produced shock in dogs by trauma, and he suggested 
that a possible reason for his ability to induce shock in dogs might 

~ 3 GoUlmami7E., Dcitr. zur Khn. Chirurg., 1909, 04, 192. 

4 Burrows, II., Localization of Disease, Win. Wood & Co., London, 1. 3_. 

1 Xvy, A. C., Am. J. Physiol., 1920, 31, 19'. 
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have been due to the fact that most of the dogs he worked on had 
hyperplastic thyroid glands. 

Following this information we performed the following experi- 
ments : 

1. Thirty apparently normal dogs were anesthetized with ether, 
and blood pressure recorded by connecting the carotid artery with a 
mercury manometer. The limbs and testicles of these dogs were 
traumatized by 100 blows with a wooden mallet. We also manipu- 
lated the gut from JT to 1 hour. 

2. In another series of experiments IS dogs were fed .4 g of 
desiccated thyroid tissue per kg of body weight per day for 1 week, 
then were anesthetized, and treated as in rite first series, blood pres- 
sure recorded, and their intestines manipulated from 15 to 20 min- 
utes. The average results of both series of experiments are re- 
corded on the graph (Fig. 1 ). 

The graph shows that normal dogs after severe trauma, did not 
go into shock, while experimental hyperthyroid dogs, with much 
less trauma died of shock within 3 (1 hours. The dogs which were 
fed thyroid were in apparently good condition. Although we did 



Upper line shows average b*ood pressure of t.o normal d r ‘g=. Low-r Line snows 
average blyod pressure of IS hvpertl.yxoid dogs. The arrsw iroL blood 
premier 15 minute after trsnms. 
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not measure the B.M.R. s of these dogs, studies on other dogs showed 
that this amount of thyroid usually increases the B.M.R. from 15 to 

Unbeknown to us, Hepler and Sitnonds ' had reported that dogs 
which were fed thyroid showed a greater drop in blood pressure than 
did normal dogs, when the hepatic veins were occluded for short 
intervals. 

Further studies are being carried on to determine what changes 
occur that make it possible to produce traumatic shock in experi- 
mental hyperthyroid dogs. 

Summary. The authors found that prolonged manipulation of 
the intestines of normal anesthetized dogs, does not produce shock. 
However, when dog's are fed .4 g of desiccated thyroid per kg of 
body weight per day for 1 week, these animals on manipulation of 
the intestines from 15 to 20 minutes, go into shock quite readily. 

We wish to thank Dr. Carlson for his interest and advice during 
the course of these experiments. 
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Accessory Growth Factor Requirements of Some Members of 
the Pasteurella Group. 


Sam Berkmax, Felix Sauxdeus a.yd Stewart A. Koser 

Prom the I)t parlmcnl\ of Iiactrnolorni and Panv.it oJor>y and of Biochemistry, 

r vn cr’tihi of Chtcaon. 


Most members of the Pasteurella group of bacteria develop satis- 
factorily in meat infusion-peptone media but fail to grow in simpler 
media made from hydrolyzed purified protein or in synthetic media. 
The substances in infusions of meat, other tissues or jeast which 
are needed for growth have not been previously identified. Accord- 
ingly we wish to report preliminary results of a stud} - of the acces- 
sory grou’th factor requirements of some members of this group of 
organisms in which it will be shown that nicotinamide, pantothenic 
acid and, in some cases, the butyl factor for Clostridia are needed 
for prompt development.* 

Seventeen typical Pasteurella strains were used. These were stock 

2 Hepler, Opal E, and Simonds, J. P., Arch. Path . 193S, 25. 149. 

* Wc are indebted to Dr. E. E. Snell and Dr. R. J. Williams for the simples of 
pantothenic acid used in these experiments and to Di. W. H. Peterson for the 
butyl factor. 
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laboratory cultures which had been secured from different sources. 
They were isolated originally from hemorrhagic septicemias in 
various species of animals. The results presented in this report 
apply only to the typical strains of animal origin and not to other 
species at times included in this genus. 

The basal medium consisted of a 0.5% solution of hydrolyzed 
purified gelatin to which was added a supplement of S amino acids, 
0.3% glucose, 0.5% NaCl, 0.2% ICHPCh, 0.005% MgSO* and 
0.001% CaCI = . To this was added 1 cc of Hoagland salt mixture 
per liter of medium. The amino acid supplement consisted of 20 mg 
each of valine, tyrosine, tryptophane, cystine, methionine and histi- 
dine and 15 mg each of serine and threonine per liter. The medium 
was adjusted to pH 7.0 with .V NaOH solution and tubed in 5 cc 
quantities. 

The accessory growth factors were sterilized by filtration and 
added aseptically to the basal medium. In the first tests a mixture 
of known substances was used on the assumption that perhaps some 
of them might be required by these organisms. This mixture con- 
sisted of nicotinamide, diphosphopyridine nucleotide (cozymase), 
thiamine, thiamine diphosphate (cocarboxylase), riboflavin, beta- 
alanine, pantothenic acid, vitamin B c hydrochloride, nicotinamide 
methiodide, inositol, glutamine and sodium pyrophosphate. 

The Pastcurclla strains did not develop in the basal medium. 
Upon addition of the accessor}- mixture most of the cultures de- 
veloped readily. Evidently one or more of the added factors was 
needed by these types. By simplifying the accessory mixture it was 
found that nicotinamide (or cozymase) and pantothenic acid were 
required for growth. Neither alone was effective. Two samples of 
pantothenic acid were used. Results obtained with one sample of 
20% purity were duplicated with another of 70% purity. Panto- 
thenic acid could not be replaced by beta-alanine. Tests with several 
characteristic strains showed that continuous cultivation through 
successive transplants was accomplished readily in the presence of 
nicotinamide and pantothenic acid. 

Thirteen of the 17 cultures gave results essentially similar to those 
of P. avicida and P. boviseptica I shown in Table I. The other 4 
cultures produced a scantier though still distinct growth, indicating 
that other factors or conditions were needed for ready cell multipli- 
cation. It was found that addition of the butyl factor for Clos- 
tridia 1 (probably biotin') caused prompt and vigorous growth of 

^McDaniel, L E., Woolley, D. W., and Peterson, W. H„ T. Bad.. 1939, 37, 259 ; 
Wooller, D. W., McDaniel, L. E., and Peterson, W. B., /. Biol. Chetn., 1939, 
131, 381. 

~ Snell, E. E., and Williams, R. J., J. Am. Chem. Soc., 1939, 61, 3594. 
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TABLE I. 

Effect o£ Growth Eaetors upon Development of Several Pastcurclla Species of 
Animal Orig in. 

Pastcurclla 


Ea“al medium 
with addition of : 

Nothin}; (control) 
Nicotinamide 
Pantothenic acid 
Nicotinamide plus 
pantothenic acid 
Nicotinamide plus 
hcta-alanine 
Butyl factor 
Nicotinamide plus 
pantothenic acid 
plus butyl factor 


Amt a'icida boiiscpfica I boviseptica IS 

added, (jR , , , , 

per cc of dais' days dais 

medium 1 2 1 2 12 


0.1 each -f + + + + + + + + + A- + 

0.3 each — ~ — — _ _ 

0.1 

0.1 

0.1a + + + + + + + + + + + + ++ H — b + 


— = No visible Rrouth, = icry light turbidity just at point of visibility, 
+ tt> — tight to pronounced turbidity. 

Mil cultures were held for 1(1 days at .17° and observed at frequent inters a Is. 
Usually there was no change after the second day. 


3 of the remaining 4 cultures. The growth of P. boviseptica IS 
(Table I) is an example of the effect of addition of butyl factor. 

On substitution of a mixture of IS amino acids for the hydrolyzed 
gelatin solution it was found that with but two exceptions all of the 
cultures could be grown in the presence of nicotinamide, panto- 
thenic acid and the butyl factor. As far as we are aware cultivation 
of these organisms in an amino acid medium with the addition of 
known accessory substances has not hitherto been accomplished. 
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Normal and Abnormal Prothrombin Levels. 

Herman C. Mason. (Introduced by Llovd Arnold.) 

from the Ptpartmrnt of I(act< nolor/ii anti Public Health, Unnerstty of Illinois 
College of Methane, Chicago. 

While low fibrinogen levels have been reported in pernicious 
anemia, scurvy, pellagra, acute yellow atrophy, and myeloid 
dyscrasias, there are not available adequate data as to the pro- 
thrombin levels of such diseases in man. Quick 1 postulates that the 
blood in acute yellow atrophy of the liver may he as deficient in 


l Quick, A. J., Am. .7. Med. Sci., 1040, 1»!>, 123. 
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prothrombin as in fibrinogen, and regards it highly improbable that 
a prothrombin deficiency can be produced in the adult by dietary 
means. It must be remembered that pellagra and sprue are both 
commonly associated with rather characteristic dietary habits, and 
evidence has already been offered for prothrombin deficiency in 
sprue,' and that for hypoprothrombinemia in the absence of jaundice 
in man due to inadequate vitamin Iv intake. 3 Likewise, there exist 
bone marrow and intestinal relationships in sprue, pernicious anemia 
and pellagra. 

The present report was undertaken on a small series of cases to 
determine the average normal limits of prothrombin clotting time in 
normal adult subjects and in treated and untreated patients suffering 
from unrelated diseases. The amount of prothrombin was esti- 
mated by the methods of Quick 4 - 3 and Warner, 0 and compared with 
the prothrombin index of whole blood. A total of 94 clinic and 
hospital patients, and 17 adult normals were observed over a period 
of 3 months. Six tests were performed on each concentration of 
10% and 5% thromboplastin, with blood taken from the median 
basilic vein. The potency of the thromboplastin was estimated on 
the normal adults and was carefully prepared. The data are ex- 
pressed in the number of seconds required for the clot formation to 
appear at 37 'C with each lot of freshly prepared thromboplastin. 

It has been shown by previous investigators that the normal pro- 
thrombin time is 16 to 19. 4 20, 3 and 25 7 sec. with an error of only 
5%. Warner, ct ah, with a plasma dilution method to evaluate the 
deficiency in prothrombin units have an approximate variation of less 
than 5%. It seems significant to compare the 3 tests for an index 
of normal with fresh blood and plasma under ideal conditions. 

Table I illustrates the average values for prothrombin clotting 
time in normal and pathologic patients. 

Patients with undiagnosed blood dyscrasias were omitted from 
the final series. Although the experimental error in the series by the 
wet and dry methods occasionally exceeded 5-10%, the results none- 

- Clark. R. X., Dixon, C. F., Butt, H. R„ and Snell, A. M., Proc. Staff Meet. 
Mayo Clin., 1939, 14, 10". 

3 Kark, B., and Lozner, E. L., Lancet, 1939, 2, 1162. 

* Quick, A. J., Am. J. Med. Sci., 1935, 190, 501. 

3 Quick, A. J., Am. J. Physiol., 1936. 114. 2S2. 

« Warner, E. D., Brinkhous, K. M., and Smith, H. P„ Am. J. Physiol, 1936, 
114, 667. 

7 Aggeler, P. M., and Lucia, S. P., Psoc. Roc. Exp. Biol, axd Med., 193S, 38. 11. 

8 Kato, K., and Poneher, H., J. A. M. A., 1940, 114, 9, 749. 



72 


Normal, and Abnormal Prothrombin* Levels 


TABLE I. 


No, of 
coses 

Diagnosis 

Sec. with 
thromboplastin 

10% 5 % 

Wet Dry 

Whole 

blood 

index 

97 Of 

normal 

(Warner) 

s 

Sprue 

38 

30 

1.0 

88 


Thrombocytopenic purpura 

3!) 

33 

1 + 

80 

il 

Polvcvt hernia 

20 

30 

1.0 

SC 

a 

Microcytosis 

3S 

35 

1.0 

93 

5 

Acute pernicious anemia (untreated) SO 

33 

1.0 

90 

13 

Pernicious anemia will) cord lesions 37 

35 

1.0 

90 

Id 

Pernicious anemia without 
cord lesions (treated) 

37 

30 

1.0 

82 

9 

Alcoholic polvncuritis 

33 

30 

1+ 

S3 

i 

Sprue (relapsing) 

CO 

31 

1+ 

7G 

i 

Parathyroidectomy (under 
treatment) 

30 

30 

1.0 

100 

4 

Pellagra with alcoholism 

39 

30 

3.0 

94 

3 

Tabes with malaria 

30 

30 

1.0 

SO 

l 

Partial gastrectomy (C'a) 

38 

33 

1+ 

83 

0 

CSS Lucs with malaria 

33 

3S 

1.0 

SO 

3 

ONS Lues without malaria 

30 

33 

1+ 

84 

4 

Sickle cell anemia 

33 

1.0 

1.0 

93 

1 

Lymphogranuloma inguinale 
Aplastic anemia 

30' 

31 

1.0 

90 

a 

30 

33 

14- 

78 

o 

Diabetes mellitus 

35 

27 

1.0 

no 

I 

Splenectomy 

34 

30 

1.0 

80 

2 

Hodgkins Disease 

33 

20 

1.0 

SO 

o 

Brucellosis 

33 

20 

3.0 

02 

04 

17 

Normal 

30 

2S 

1.0 


thcless, under the ideal conditions show that the clotting time of 
prothrombin in the normal adult ranges up to 30 sec. as the upper 
limit with a prothrombin index of 1.0 for whole blood clotting. If 
25-30 sec. is taken as the upper limit of normal, closer correlation 
may be found to exist with the other tests. The recent report of 
Kata and Poncher using the microprothrombin test of Kato 8 on 
mature and immature infants, shows that the most mature infants 
likewise fall in the 25-30 sec. range. This seems to substantiate the 


results reported here. 

At times it is difficult to account for the high readings given by 
dry thromboplastin, and low readings or rice versa from the wet 
solution prepared from the same source, with more uniform results 
occurring in this series with the dried material, if the only variable 
factor is the quality and amount of the prothrombin of the test 
olasma. Comparison of the prothrombin index of whole blood 
yields correlation to the studies reported here. Grossly abnormal 
tests if repeated will establish the general average range which has 
been observed to be 25 sec. plus or minus m the pathologic cases 

renorted here and not above 30 sec. 

None of the patients received synthetic vitamin IC m therapy 
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and depended upon its content in their food. Nicotinic acid and 
vitamins B 1 and riboflavin were given to the pellagra patients. Alco- 
hol-polyneuritis patients received vitamins B, and riboflavin and 
adequate food. 

The sprue patients are interesting, since none of them received 
synthetic vitamin K and maintained adequate prothrombin levels. A 
case of sprue (relapsing) with marked diarrhea showed an almost 
normal prothrombin level. The sprue cases received liver extract 
and yeast as did all pernicious anemias. 

Despite the fact that prolonged readings have been observed in 
individual cases of pernicious anemias the general average reveals no 
marked deficiency of prothrombin. This apparently holds true for 
pellagra and polycythemia, treated and untreated. In a case of 
aplastic anemia following anti-luetic therapy, the prothrombin level 
was slightly reduced. While none of these patients enjoy maximum 
health, it is significant that an approximately normal or slight dimi- 
nution of the prothrombin level is found even during characteristic 
exacerbations of their diseases. The whole blood clotting index may 
even be less than 1.0, illustrating that the volume per volume con- 
tent of prothrombin in whole blood and plasma is not very signifi- 
cant. 

Conclusions. (1) From the data presented the normal range of 
prothrombin-clotting time has been observed to be from 25 to 30 
sec. Values above 30 sec have given a whole blood index of 1.0 plus. 
These results yield closer correlation to other methods for estimating 
the prothrombin level. (2) Treated and untreated patients with per- 
nicious anemia, pellagra and other pathologic conditions have similar 
normal prothrombin values. Treated sprue patients gave similar 
results. In a case of sprue (relapsing) with persistent diarrhea, the 
prothrombin level was found to be almost normal. (3) When ab- 
normal variations occur in wet or dry readings, it may be more 
accurate to depend upon the whole blood clotting index. 
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A New and Simple Method for Preparing Large Pavlov Pouches * 


F. Neuwei.t, \V. H. Or.sox and H. Necheles. 

From the Department of Gastro-IntcstmaJ Hctcarch, Michael lleese Hospital, 

Chicago. 


The original method of Pavlov for the preparation of Pavlov 
pouches in dogs has been criticized recently by Hollander and Jere- 
min. 1 They devised a new technic in which practically the entire 
vagal supply to the pouch was left intact. Their method yields ex- 
cellent pouches, but is difficult and time-consuming. In our hands 
the eversion of the entire stomach through a small incision seemed 
to produce marked surgical shock, and increased greatly the danger 
of peritoneal contamination. Suturing of the mucosa was difficult 
and perforation between main stomach and pouch likely to occur. 
We therefore devised a simpler operation which yields big pouches 
with large amounts of secretion, which we feel worthwhile to make 
known to other workers in this field. 

Procedure. Dogs were fasted for 24 hours and anesthetized with 
morphine-atropine and ether, or sodium pentobarbital. The stomach 
was exposed through a left rectus incision. The blood vessels at 



* A ideally the A. B. Kuppenheimcr rund. 

i Jcremin, E. E., and Hollander, F., Pace. Soc. Exp. Biol. and ■***, IS >38, 38, 
130; Hollander, F., and Jeremin, E. E., Pkoc. Soc. Ext. Bio . , 1 •> > 

39, 87. 
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the greater curvature, below the angulus. were ligated and cut. Rub- 
ber-covered elastic clamps were put across the lower one-third of 
the fundus (Fig. 1 ). A straight incision through the entire anterior 
wall was performed (lately we cut only 4/5 of the anterior wall). 
The mucosa of the posterior wall was cut and about 1 cm was dis- 
sected away from the muscularis on each side of the incision (Fig. 2). 

2 StPJkftMtOM * CUTTING OF POSTERIOR MUCOSA 



The main stomach was closed by an inverting running suture of the 
mucosa. The mucosa of the pouch was similarly closed, beginning at 
the upper end of the incision. The elastic clamp was removed, when 
about y 2 of the pouch had been closed. At the lower pole of the 
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pouch a brass cannula (recently stainless steel) was inserted, and 
the submucosa! suture carried in such a way that an angle was formed 
(i'lg 6). I his is important because it avoids perforation between 
pouch and main stomach by the round base plate of the cannula. 
Muscularis of pouch and main stomach were united by Lembert 
suture (Fig. 4). Omentum was wrapped round the base of the 



cannula. A small skin incision was made to the right of the mid- 
line at the height of the greater gastric curvature. A sharply pointed 
trocar with sleeve was pushed through this opening, the trocar 
witltdrawn, the cannula pushed into the sleeve and the latter with- 
drawn. Iodized gauze was placed round the external base of the 
cannula and a collar attached to it to prevent its slipping back into 
the pouch. The abdomen was closed in the usul way. Twenty-four 
hours after operation the iodized gauze was taken off, and the col- 
lar move up, in order to prevent pressure on the skin. The wounds 
were washed with hydrogen peroxide. One to 2 weeks after opera- 
tion the dogs were read}' for use. Active appetite secretion and 
immediate response to a meal characterized them as Pavlov pouches, 
f. c., pouches with good vagal supply. Intravitam and postmortem 
inspection of a number of these pouches showed no irritating effects 
of the metal cannula. Strong adhesions had formed between the neck 
of the pouch and the parietal peritoneum round the cannula. 

Secretion is collected in 2 ounce glass bottles with screw cap. A 
collar is soldered on top of the cap, which is attached to the cannula 
by a screw. The weight of the bottle is supported by straps attached 
to the screw cap, which are fastened over the back of the animal. 
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TABLE I. 

Male Dog, 25 kg, 30-Min. Samples. 


Volume 

<!C 

Acidity clinical units 

/•' ' r - 1 

Free Total 

0.2 

0 

Fed 200 g Pard. 200 cc water 

7 

35 

140 

154 

45 

150 

101 

4S 

149 

101 

53 

152 

105 

01 

157 

109 

45 

154 

105 

42 

15S 

109 

30 

149 

158 

23 

102 

172 

11 

132 

140 


The secretion is water clear. An example of secretion to a meal 
consisting of y 2 pound of Pard dog food with 200 cc of water is 
given below. 

Table I demonstrates that the pouch in the fasting dog lias a 
minimal amount of secretion (0.07 cc per minute), no free and a 
minimal amount of total acid. Following a meal, free and total acid 
reach high values within the first half-hour and stay near the physio- 
logical maximum of acid secretion for A l / 2 hours. The total volume 
of fluid secreted during this period amounted to 382 cc. i. c., 1.4 cc 
per minute. Likewise the response of these pouches to histamine 
is excellent. 

The posterior wall of the pouch has a complete vagal supply. The 
greater part (4/5) of the vagus branches of the anterior wall has 
been cut. In view of the excellent secretory performance of the 
pouch one can assume that the submucous plexus of the anterior wall 
receives sufficient vagal innervation from the remaining 1/5 of its 
connection with the musculature of the anterior wall, and from com- 
plete muscular bridge with the posterior wall of the main stomach. 
Dogs with such pouches have been in use in this laboratory for one 
3’ ear >_ and their pouch secretion has not changed. They are in fine 
physical condition and have no erosions or irritation round their 
cannula. 

Summary. A new, simple and efficient method for preparation of 
Pavlov pouches in described, leaving intact more than 50% of the 
normal vagus supply to the pouch. The pouch has hardly any basal 
(fasting) secretion, with no free and very little combined acid. These 
pouches respond with maximal secretion, both volume and acidity, 
to food and histamine. 
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Experimental Cinchophen Ulcer. * 


I'KAXK Neuwelt axd PI. Necheles. 

/■Vom the !)( part matt of Giistro-Intc.it inal It march, Michael Jiccsc Hospital, and 
the Department of Thysiolngy, University of Chicago. 


Hie cinchophen ulcer lias been studied extensively since the first 
observations of Churchill and Van Wagoner. 1 Stalker, Bollman and 
Vann have examined the problem of the cinchophen ulcer most 
thoroughly, and have reported their findings in several recent pub- 
lications.*’ s ' '' Our laboratory has been interested in this problem 
for evaluation of ulcer therapy, and herein are presented our ob- 
servations, some of which arc at variance with previous findings. 

Chronic Feeding Experiments. Seven dogs weighing from 8 to 
14 kg were fed a diet of kitchen scraps ( without hones), white 
bread, yeast, bone meal, salt, and cod liver oil to which was added 
daily 1 to 5 g of cinchophcn.f 

Results. A 9.5 kg female white Spitz died after receiving 1 g of 
cinchophen daily for 12 days. Necropsy revealed a large perforated 
ulcer surrounded by smaller ulcerations on the proximal posterior 
aspect of the pyloric canal. A second white Spitz received 3 g of 
cinchophen daily for 10 days. The animal’s weight declined from 
S to 6 kg, and it was found dead on the morning of the 11th day. 
Autopsy showed empyema of the chest and numerous small ulcera- 
tions of stomach and duodenum. One large shallow ulcer 3 cm in 
diameter was situated at the entrance of the pylorus. A third white 
Spitz (11 kg) received 25 g of cinchophen during a period of 
20 days. The animal lost weight, refused to eat and became 
cachetic, but stools did not become tarr}’. Sixteen days after stop- 
ping the administration of cinchophen the animal died. At nec- 
ropsy a number of a cute small ulcers were found in the antral region 
of the stomach and in the first portion of the duodenum. A large, 


* Aided by tlie A. B. Kuppenheimer Fund. 

1 Churchill, T. P., and Van Wagoner, F. H., Pnor. Soc, Exp. Biol, and Med., 
1931, 28, 581. 

2 Stalker, h. K., Bollman, J. L., and Mann, F. C., Arch. Sttrg., 1937, 35, 990, 904. 

3 Bollman, .1. L., Stalker, L. K., and Mann, F. C., Arch. Jnt. Med., 193S, <51, 119. 
A Stalker, L. K., Bollman, J. L„ and Mann, F. 0., Arch. Sttrg., 1937, 31, 1172, 

1174, 1176. 

i We are obliged to Dr. D. A. Bryce of the Cairo Chemical Company for supply- 
ing the cinchophen. 
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deep chronic ulcer 2x2 cm in diameter was found near the pylorus 
on the posterior wall of the stomach. 

The following 4 animals were of mixed breed. The fourth ani- 
mal (9 kg) was fed a total of 14 g of cinchophen over a period of 
14 days ; no tarry stools, anorexia or loss of weight appeared. One 
month later 138 g of cinchophen were fed over a period of 48 days, 
at the end of which laparotomy with opening of stomach and duo- 
denum failed to disclose peptic ulcerations. The stools were per- 
sistently negative for blood. The fifth dog (13.5 kg) was fed 4 g 
of cinchophen in 4 days. He then had complete anorexia but no 
tarry stools. We suspected a perforating, non-bleeding ulcer and 
laparotomy was performed. Stomach and duodenum were opened, 
but no ulceration, gastritis or duodenitis observed. A few days later 
the animal died of pneumonia which probably had begun earlier and 
had caused anorexia. Autopsy did noi reveal gastrointestinal path- 
ology. In dogs dying from pneumonia or distemper, gastritis and 
erosions are not infrequent. The sixth and seventh dog (12 and 
14 kg) received 19 and 74 g of cinchophen in 19 and 24 days re- 
spectively. No tarry stools or other symptoms of ulcer were noted 
in either of these dogs. 

It has been shown that the development of ulcer from oral admin- 
istration of cinchophen is variable from the point of view of onset. 
Practically every experimenter in this field has found a small per- 
centage of animals in which no ulcers developed under administra- 
tion of cinchophen or certain other drugs even in high doses. In a 
comparable series of experiments by Stalker, Bollman and Mann 
ulcer developed in 11 out of 12 dogs that were not fed bone, in an 
average of 18 days after the administration of 36 g of cinchophen. 2 
In our series 3 dogs died and peptic ulcers were found at necropsy ; 
the remaining 4 did not show evidence of ulceration during periods 
of administration of the drug of 4, 19, 24, and 47 days, although 
daily doses of approximately 3 and 4 g were given to the last 2 
dogs. On the other hand the 3 dogs that died had been fed smaller 
doses of the drug over shorter periods of time (1,2 and 3 g per day 
over 12, 20 and 10 days respectively). It is, therefore, of interest 
to point out that these 3 animals were white Spitzes. Perhaps this 
species of dog is more susceptible to cinchophen ulcers than others. 
A second point is that one of these animals died 16 days after the 
last dose of cinchophen and stomach and duodenum contained a 
number of acute ulcers, as well as one large chronic prepyloric ulcer- 
ation. Stalker, Bollman and Mann 2 found that no new ulcers are 
formed and that chronic ones begin to heal practically immediately 
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after cessation of administration of the drug. Hence, in the above 
dog, the etiologic cause for the acute and chronic ulcers remains 
open. 

Effect of Cinchophen on Pouch Secretion. Four dogs with Iieid- 
enliain pouches, drained by a metal cannula were used. Their body 
weights were from IS to 25 l<g, with an average of 22 kg. Twice a 
week secretion of the pouch was stimulated by subcutaneous injec- 
tion of 1 mg of histamine acid phosphate every half-hour for a 
period of 3 hours. This method was chosen in order to establish the 
maximum secretory capacity of the oxyntic cells. Free and total 
acidity were titrated against dimethyl-amino-azobenzenc and 
phenolphlhalein. Control studies of gastric secretion were per- 
formed for several weeks, and cinchophen was administered intra- 
venously as the neutral sodium salt, so as to be certain that the full 
dose was given and retained. The dose was 1 to 2 g per injection, 
given 4 to 6 times a week. Total amounts of drug administered to 
the 4 dogs were as follows : 32 g in 16 days, 32 g in 39 days, 12 g in 
15 days. 50 g in 25 days, and one month later 28 g in 22 days. Sev- 
eral of the animals did not bleed from their pouch until 12 or more 
injections of cinchophen had been given; at that time they showed 
symptoms of early gastritis, such as occasional tarry stools, vomit- 
ing and bleeding from the pouch, but analyses of histamine-stimu- 
lated secretion showed no increase in volume secretion at any time 
during the period of administration of the drug. As a matter of 
fact the amount of secretion decreased somewhat and became irreg- 
ular. Free and total acidity also tended to diminish and fluctuate 
erratically, independent of occasional bleeding from the pouch. In 
one dog the highest values for free and total acidity w'ere observed 
when bleeding began, just one day before death. Autopsy revealed 
peritonitis from perforated duodenal ulcer, just beyond the pyloric 
ring. Gastritis was present in main stomach and pouch; this was 
the onlj' animal in the series which died or perforated. 

Stalker, Bollman and Mann 4 found an increased volume secretion 
in their pouch dogs following administration of cinchophen when 
symptoms of early gastritis, such as tarry stools and occasional 
vomiting appeared. When administration of cinchophen was dis- 
continued, a gradual decrease in the amount of gastric secretion to 
the normal level occurred within 2 w r eeks. They employed food as 
sccretagogue for their pouch dogs and histamine for their dogs with 
intact stomachs. Gastric juice was collected continuously from their 
pouch dogs, but secretion tests on their dogs with intact stomachs 
was done ever)' second or third da)-. The dogs of the latter group 
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(17 kg average weight) received one dose of 1.5 nig of histamine 
subcutaneously. Yet the results obtained in both groups of animals 
were identical with regard to increased volume of secretion. The 
administration of 0.5 g or more of cinchoplien caused evidence of 
gastritis in every dog within 8 hours after the initial dose; when the 
dose was 1 g or more daily, ulcers developed in from 2-5 days and 
usually perforated. 4 

The discrepancy between our results and those of Stalker, Boll- 
man and Mann can hardly be found in the fact that our technical 
procedures were different. Our pouch dogs (22 kg average weight) 
received 1 mg of histamine every half hour for 3 hours (total of 
6 mg). We feel that an augmented volume of secretion would cer- 
tainly have been found by this method. Our pouch dogs received 
roughly similar individual doses of cinchoplien by vein and for 
longer periods than did the pouch dogs of Stalker, Bollman and 
Mann 4 by mouth, i. c., larger total amounts of the drug, and yet only 
one animal died from perforated gastric ulcer while the rest survived. 
It has been shown that the drug acts after absorption, and not locally. 5 
or after excretion into the stomach from the blood.” Therefore one 
cannot assume that oral or intravenous administration of cinchoplien 
should have different effects. Furthermore, vomiting may cause 
loss of orally administered drug. It may be that our preparation of 
cinchoplien varies in some way from that of the above and other 
workers.! 

Summary and Conclusions. 1. White Spitz dogs seem more prone 
to develop cinchoplien ulcers than other species of dogs. 2. Heiden- 
hain pouch dogs receiving cinchoplien intravenously show no in- 
crease in volume secretion under histamine stimulation. 

3 Churchill, T. P., and Manshardt, D. O.. Peoc. S?oc. Exp. Biol, axd Med., 
1933, 30, 825. 

t Cinchoplien Calco, Lot Xo. 24331 and 29050 were used. 
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Vago-Neurohypophysial Pressor Reflex. 

D. G. Sattler. (Introduced by W. R. Ingram.) 

From the Department of Anatomy, State University of loiea. 


It lias been shown repeatedly that interruption of the supraoptico- 
hypophvsiai tract causes atrophy of the netirohypophysis with certain 
cellular alterations. If sufficient neurohypophysis is deprived of its 
nerve supply in this way, diabetes insipidus ensues (Fisher, Ingrain 
and Ranson 1 ). These atrophic neurohypophyses have been found 
to be lacking in the hormonal substances produced by the normal 
gland, and it is generally held that diabetes insipidus is due to lack 
of an antidiuretic hormone. The question remains, is the inner- 
vation of the neurohypophysis a trophic one, or may it participate 
in the regulation of the functions of the latter? There is some evi- 
dence for neurogenic control of the ncurohypophysis. 

Theobald and Verney/ and Pick ford 3 have advanced indirect 
evidence to show that humoral and neural influences may cause the 
ncurohypophysis to increase its output of antidiuretic substance. 
ILaterius 4 lias confirmed this and added more direct evidence for 
participation by the pituitary. Gilman and Goodman’’ found anti- 
diuretic substance in the urine of dehydrated normal rats, as did 
Dovlston and Ivv/' the latter pointing out the similarity between the 
action of this antidiuretic substance and that of pitressin. Gilman 
and Goodman could not obtain similar results with dehydrated liypo- 
phvsectomizcd rats. Ingram, Ladd and Benbow 7 have offered evi- 
dence that while appreciable amounts of antidiuretic substance are 
excreted by normal cats in a state of dehydration, dehydrated cats 
with diabetes insipidus do not excrete such material. Walker , 5 
however, did not obtain such results. Gersh" reports that “paren- 

1 Fisher, C.TTngram, W. 1?., and Ranson, 8. W.. Diabetes Insipidus. Edwards 
Brothers. Inc., 1038. 

- Theobald, G. W., and Verney. E. B., J. Physiol., 1035, 83, 341. 

a Piehford, M., d. Pln/swl, 1039, 95, 220. 

4 Hatorms, II. O., Am. ,7. Physiol., 1940, 128, 300. 

-'Gilman, A., and Goodman, L. S., J. Physiol, 1937. 90, 113. 

0 Boj lston, C. A., and I\ y A. C„ Pkoc. Sor. Ext. Biol, and Mm., 193S, 

044. 

’7 Ingram, W. R., Ladd, L , and Benbow, J. T., Am. J. Physiol , 1939, 127, 544. 

s Walker, A. 31., Am. J. Physiol, 1939, 127, 519. 

3 Gersh, I., Am. J. Aunt., 1939, 04, 407. 
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chymatous glandular cells” of the neurohypophysis of rats increase 
in size and number in dehydration and at parturition. 

Chang, Lim, cl al.M ■ 11 have reported a series of interesting ob- 
servations made upon experimental animals in which the only con- 
nection between head and body was vascular. Stimulation of the 
central end of the cut vagus in such dogs caused characteristic eleva- 
tions of blood pressure. Since acute hypophysectomy abolished this 
response, they ascribed this reflex to a liberation of a pressor prin- 
ciple from the neurohypophysis, indicating that the integrity of the 
reflex arc depended upon the presence of an intact supraoptico- 
hypophysial tract and anatomically obscure central intermediary 
neurons. In similar experiments increased production of oxytocic, 
glucogenic and antidiuretic substances was also described. These 
results are of such significance as to warrant confirmation. This 
communication deals with an attempt to confirm certain findings of 
these workers, and with further data from experiments carried out 
on dogs with chronically denervated neurohypophyses. The latter 
experiments were designed to rule out errors which may conceivably 
be introduced by the trauma and shock contingent upon acute hypo- 
physectomy. 

Methods. In all experiments nembutal anesthesia was given in- 
travenously. Blood pressure was recorded from the femoral artery. 
After isolation of the carotids, jugulars, and vagi, and cannulation 
of the trachea, all other neck structures were crushed in a specially 
constructed vise according to the methods of Chang, ct al. The 
artificial respiration rate was 8 respirations per minute. The blood 
pressure fall consequent to cord crushing was combated by the in- 
travenous administration of Ringer’s solution and 5 mg doses of 
ephedrine. By these means it was found possible to maintain the 
blood pressure at or above 70 mm Hg; experiments in which the 
basal pressure was lower than this level were discarded. Destruction 
of the spinal cord was checked at autopsy. 

Results. 1. Acute experiments. After the technic of preparing 
such an animal was sufficiently developed, it was found that the rise 
in blood pressure on stimulation of the central end of the severed 
vagus was quite easily obtainable. In these experiments, acute 
hypophysectomy was carried out through an opening in the roof of 
the mouth so as not to disturb other intracranial structures. The 

10 Chang, H. C., Chin. K. F~ Hsu, C. H., and Lim, R. K. M. CInii. .7. Physiol, 
1937, 12, 309. 

11 Chang, H. C., Lim, R. K. S„ Lu, Y. M., Wang, C. C\. amt Wang, K. J., Chin. 
J. Physiol., 1938, 13, 209. 
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Vngo-Neurohypophysial Pressor Reflex. 

D. G. Sattler. (Introduced by W. R. Ingram.) 

From the Department of Anatomy, State University of Iowa. 

It has been shown repeatedly that interruption of the supraoptico- 
li} popliysial tract causes atrophy of the neuroliypophysis with certain 
cellular alterations. If sufficient neuroliypophysis is deprived of its 
nerve supply in this way. diabetes insipidus ensues (Fisher, Ingram 
and Ranson'). These atrophic neurohypophyses have been found 
to be lacking in the hormonal substances produced by the normal 
gland, and it is generally held that diabetes insipidus is due to lack 
of an antidiuretic hormone. The question remains, is the inner- 
vation of the neuroliypophysis a trophic one, or may it participate 
in the regulation of the functions of the latter? There is some evi- 
dence for neurogenic control of the neuroliypophysis. 

Theobald and Vernev, 2 and Pick-ford 1 have advanced indirect 
evidence to show that humoral and neural influences may cause the 
neuroliypophysis to increase its output of antidiuretic substance. 
Haterius* has confirmed this and added more direct evidence for 
participation by the pituitary. Gilman and Goodman : found anti- 
diuretic substance in the urine of dehydrated normal rats, as did 
Boylston and Ivy,® the latter pointing out the similarity between the 
action of this antidiuretic substance and that of pitressin, Gilman 
and Goodman could not obtain similar results with dehydrated liypo- 
phvsectomizcd rats. Ingram. Ladd and Benbow’ have offered evi- 
dence that while appreciable amounts of antidiuretic substance are 
excreted by normal cats in a state of dehydration, dehydrated cats 
with diabetes insipidus do not excrete such material. 'Walker,® 
however, did not obtain such results. Gersh 0 reports that “paren- 

1 Fisher. C.. Ingram, W. I?., ami Ranson, S. W., Diabetes lnsipithr, , Eduards 
Brothers, Ine., 1038. 

a Theobald, 6. W., and Vernev. E. B., J. Physiol., 1935, 83, 341. 

3 Bickford, M„ J. Physio!., 1030, t)3, 220. 

4 Haterill 1 !, II. O., Am. Physiol., 1040, 128, 300. 

•" Gilman, A., and Goodman, L. 8., J. Physiol., 1037. DO, 113. 

o Boylston, C. A., and Ivy. A. t\. Prop. Bor. Exp. Biol, and Mep., 1938, 

38, 644. _ . . 

7 Ingram, W. It., Ladd, L., and Benbow, J. T.. Am. J. Physiol., 1930, 1~>, o 44. 

a Walker, A. At., Am. J. Physiol., 1939, 127, 519. 

3 Geisb, I., Am. Anal., 1939, 64, 407. 
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Fig. 2. 

Blood pressure tracings from dog 1-J, with diabetes insipidus and the cervical 
spinal cord crushed. Responses to stimulation of the central vagus stump before 
and after corvicnl sympathetic ganglioneetomy. 

2. Experiments with dogs with chronically d enervated neuro- 
hypophyses. In these animals the supraopticohypophysial tract was 
sectioned in the median eminence, using a subtemporal approach. 
Criteria for the completeness of the section were the occurrence of 
marked permanent diabetes insipidus and examination of microscopic 
sections of the infundibular region. These dogs were used to show 
further that the pressor response is abolished in the absence of neuro- 
hypophysial innervation, and to rule out any possible error caused by 
trauma and shock in the acutely hypophysectomized animals. 

The following experiment is typical : 

Dog No. 14. Before stalk section average urine output was 200 
cc (Sp. Gr. 1.032). After section of the stalk average urine output 
was 297S cc (Sp. Gr. 1.002). Following the 6th day there was a 
4-day normal interphase after which the water intake and urine 
output rose to the previous high level. On the 16th postoperative 
day the spinal cord was crushed and stimulations were carried out 
(Fig. 2), At 1. faradic stimulation of the right vago-sympathetic 
trunk (coil at 5 cm) for 43 seconds. Immediate onset of a pressor 
effect. Between 1 and 2 the right superior cervical sympathetic 
ganglion was removed. At 2, stimulation of the right vagus for 45 
seconds caused no change in blood pressure. At 3, stimulation of the 
left vago-sympathetic trunk for 45 seconds. Immediate pressor 
effect. Between 3 and 4 the left superior cervical sympathetic gang- 
lion was removed. At 4, stimulation of the left vagus for 45 seconds 
caused no change in the blood pressure. 

Similar results were obtained in 3 experiments. In addition a dog 
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A 1U. A. 

Blood pressure tracings from a dog with the cervical spinal cord crushed. 
Responses to stimulation of flic central vagus stump, with the effect of cervical 
sympathetic ganglionectomy and hypophyscctomy. 

completeness of posterior lobe resection was confirmed by careful 
autopsy examination. 

The results of a typical experiment are illustrated in Fig. 1. At 1, 
faradic stimulation (coil at 5 cm) of the left vago-sympathetic trunk 
for 45 sec. Note the sudden pressor effect upon which a second mild 
pressor phase is superimposed. Between 1 and 2 the left superior 
cervical sympathetic ganglion was removed. At 2, stimulation of 
the central end of the left vagus for 45 seconds. After a 30-second 
delay a rise in pressure occurs. Between 2 and 3 the hypophysis was 
removed through a previously made opening in the roof of the 
mouth. At 3, stimulation of the central end of the left vagus for 
45 seconds. No response. At 4. the intact right vago-sympathetic 
trunk was stimulated for 45 seconds. Sudden onset of pressor re- 
sponse. Between 4 and 5 the right superior cervical sympathetic 
ganglion was removed. At 5, stimulation of the right vagus caused 
no response in blood pressure. Such results were obtained in 7 ex- 
periments. 

Conclusions. In a normal dog, with the spinal cord crushed, stim- 
ulation of the central end of the vago-sympathetic trunk causes a 
pressor effect in the body. This effect seems to be of two com- 
ponents; a sudden rise (sympathetic effect) and a more delayed rise 
(vagus-neurohypophysis effect). That the elevated pressure re- 
sulting from stimulation of the vagus alone is effected through the 
pituitary is indicated by abolition of the response through hypo- 
physcctomy. 

This experiment was tried on several cats with similar results but 
with great variability under the conditions. Technical obstacles 
made the experiment difficult. 
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A Modified Method for the Preparation of Renin. 

\Y. D. Collixgs * J. \Y. Remington. H. W. Hays and V. A. 
Drill (Introduced by \Y. \Y. Swingle.) 

From the Biological Laboratory. Princeton Cniversity. Princeton, X. J. 


Partiallv purified renin has been prepared in several laboratories 
from XaCl or cold acetone extracts of the kidney cortex. 1-4 Recently 
modifications in our original extraction procedure 5 have been intro- 
duced which eliminate many of the more cumbersome manipulations 
involved, with considerable saving of time, without sacrificing the 
relative high potency of the final product. 

Extraction Procedure. Demedullated kidneys are ground, frozen, 
and. before thawing, reground into 2^c XaCl solution (10 liters to 
3 kg tissue). It is possible to use fresh, unfrozen kidneys, but the 
extraction appears to be less complete. After the salt extract has 
been stored for 24 hours under toluene, the meat sludge is removed 
by straining and centrifuging ( Sharpies). The pH is then lowered 
to 4.5. After an interval of 12 to 24 hours to insure complete pre- 
cipitation. the heavy precipitate is removed by centrifuging 
(Sharpies) and filtering through Hyflo Super-Cel.f For easier 
handling in subsequent procedures, the filtrate, adjusted to pH 6.S. 
is concentrated in z-acuo (maximum temperature 45 C) to a volume 
of 1 liter. The concentrate is filtered. 100 g XaCl are added and the 
pH is lowered to 2.0. The heavy precipitate is removed on a filter 
cake of Hyflo which is then suspended in 2 liters of water. After 
the pH is raised to neutrality and the suspension thoroughly mixed 
by a motor stirrer for about 30 minutes. Hyflo and any insoluble pre- 
cipitate are filtered off and discarded. The filtrate is saturated with 
solid XaCl and the pH again lowered to 2.0. The precipitate is 
removed on a filter cake and redissolved in 500 cc X/10 acetate 
buffer at pH 5. As before, insoluble residue is discarded. At this 
stage two lots of extract (each representing 3 kg kidney cortex) are 
combined in the same 500 cc of buffer solution. Precipitation with 

* E. R. Squibb and Sons Fellow in the Biological Sciences. 

1 Helrner, O. XL, and Page, I. H., J. Biol. Chem., 1939, 127, 757. 

2 Swingle, XV. XV.. Taylor, A. R.. Collings, XV. D.. and Hays. H. XV.. Am. J. 
Physiol., 1939, 127, 7CS. 

3 Hessel, G.. Khn. Wocli.. 193S, 17, 843. 

* Hill, J. R.. and Pickering, G. XV.. Clin. Sri., 1939. 4. 207. 

t Celite Filter Aid, Johns Manville Company, New York. 
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with diabetes insipidus in which cervical sympathetic ganglionectomy 
was not done yielded only typical sympathetic responses without 
evidence of vagus pressor responses. In one operated dog with a 
good transient but not a permanent polyuria, vagoneurohypophysial 
responses were not obtained ; microscopic sections showed extensive 
but not quite complete degeneration of the supraopticohypophysial 
system. 

Conclusions. Stimulation of the central end of the vago-sympa- 
thetic trunk in a dog with diabetes insipidus gives a pressor response. 
This pressor response is due to stimulation of the sympathetics of the 
head, since the response is abolished by sympathetic ganglionectomy. 
In the absence of the supraopticohypophysial connection the vagus- 
postpituitarv reflex is not obtainable even under the best conditions, 
as when the basal blood pressure level is high. 

3. In a number of acute experiments the infundibulum was stim- 
ulated directly with weak faradic current. Fine bipolar electrodes 
were used and introduced manually through a buccal opening. The 
spinal cords were completely crushed in each of these dogs. Strik- 
ing elevations in blood pressure were obtained. These experiments 
supplement those of Clark and Wang' 1 in which hypothalamic stimu- 
lation produced pressor effects in spinal cats, and offer further indi- 
cation that the results of these workers were due to activation of the 
n eu roliy popl ivsis. 

Summary. 1. In dogs with only vascular connections between 
head and body, stimulation of the central end of the severed vagus 
causes blood pressure elevations in the body. Acute hypopliysectomv 
abolishes this reflex. 2. This reflex cannot be obtained in prepara- 
tions with chronic diabetes insipidus caused by interruption of the 
supraopticohypophysial tract. This rules out possible error due to 
shock, trauma, etc., consequent to acute hypophysectomy. 3. These 
results add to the evidence found elsewhere that the neurohypophysis 
is subject to nervous control mediated by the supraopticohypophysial 

tract. 

K Clark, G., and Wang, S. C., Am. J. Phii.unl., 1939, 127, 597. 
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TABLE I. 

Some Color Reactions of Renin. 


Reaction Reactive group Result 


Biuret peptide linkage + 

Millon tyrosine + 

Xanthoproteic benzene nucleus + 

Hopkins-Cole tryptophane + 

Sullivan’s cysteine, cystine — 

Ehrlich-diazo histidine, tyrosine + 

Sakaguclii arginine (guanidine) + 

Moliseh carbohydrates — 

Benzidine pentoses — 


It will form a picrate and is destroyed rapidly by boiling and by pro- 
tein denaturants. It is free from carbohydrate and responds to 
routine color tests as shown in Table I. The test for -SH groupings 
was negative in both native and denatured (boiled) protein and was 
absent also after treatment with NaCN. However, renin shows the 
presence of sulfur after sodium fusion. 

Yield. The yield in total solids per kg kidney cortex is fairly con- 
stant at 150-180 mg. The variability in activity, however, is large, 
for reasons at present not known. The renin unit" has been defined 
as the amount of material, per kg body weight, which will produce a 
40 mm rise in the mean blood pressure of the anesthetized dog. In 
the assay standard, 1 unit was the equivalent of 0.1 mg renin. In 39 
successive lots of extract, the rise given by 0.1 mg renin, per kg body 
weight, has been between the extremes of 13 and 62 mm, with the 
mean at 34 mm. In other words, the average yield was 1450 units 
per kg fresh cortex. In our most potent extract (Table II) 1 unit 
represents 9.6 />g nitrogen. 

TABLE II. 


Itenin Assay at Dosage of 0.1 mg per kg Body Weight. 


Dog No. 

1 2 

3 4 

5 

6 

7 

8 

9 

10 11 

12 Avg 

Body wt, kg 
Initial B.P.,* 

9.7 9.5 13.1 12.5 

7.5 

9.5 7.6 

10.7 12.5 

11.6 12.6 

9.4 10.5 

mm Hg 
Peak B.P., 

108 114 115 103 

88 

89 122 

93 146 

95 125 

96 108 

mm Hg 
Riso in B.P., 

175 165 177 209 

174 

139 178 

139 199 

156 172 

157 170 

mm Hg 

67 51 

62 106 

80 

50 

56 

46 

53 

61 47 

61 62.2 


*B.P. readings are mean pressures obtained by intra-arterial needle puncture. 
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solid ammonium sulfate at 0.4 saturation is made 5 successive times, 
vith the volume of buffer solution reduced at each step, c, q., 500, 
400. 300, 200, and 100 cc. The first 4 precipitates are removed on 
filter cakes, the ath is removed by centrifuging. The discarded super- 
natant should be color-free. When the final precipitate is not easily 
soluble in 40-70 cc water, to give a clear, light amber solution, am- 
monium sulfate precipitations arc repeated from a volume of 50- 
100 cc. It is important that the volume of buffer solution be kept 
small, since inactive less soluble globulins are left behind at each 
filtration. The extract is now dialyzed at 6°C against distilled water. 
W e have found that any precipitate forming in the dialvzer can be 
discarded as inactive. The final volume of 60-100 cc should have 
10-15 mg solids per cc. Where the total solids arc higher, further 
ammonium sulfate precipitations from the dialyzed solutions are 
usually made. The recovery is not quantitative, but inactive solids 
are often eliminated by this step. 

All pH adjustments are made by 10% IiCl or 10% Na OH and 
are measured with a glass electrode. Stock reagents are kept in the 
refrigerator, and care is taken to keep the extract chilled as much as 
possible throughout its preparation. 

Dialysis. A circulating dialyzer 5 in the refrigerator is usually 
employed. However, no difference in the activity of the final 
product has been observed when the slower, standing dialysis (cello- 
phane bag in a cylinder of water) is substituted. There is apparently 
no loss of potency, in the cold, even though dialysis is prolonged 3 to 
4 days. 

Stability. The extract is stored either frozen or in the lyophile 
state. The latter material is prepared by the Cryocheni process® and 
stored in the refrigerator. It has shown full activity when tested 
as much as 10 months after preparation. Frozen extract, especially 
if melted and re frozen repeatedly, shows a gradual loss of activity. 

Preparation of Sterile Renin. The extract can be sterilized by 
filtering through a Jena glass filter and then rendered lyophile in 
sterile vials. A Seitz filter adsorbs all the active protein from the 
acid solution. 

Chemical Properties. Renin, as prepared by the method described 
above, is a pseudo-globulin and is precipitated by 0.38 to 0.41 satu- 
rated ammonium sulfate at pH 5, bv saturated NaCI, by 0.7 to 1.0 
saturated magnesium sulfate and by the various protein precipitants. 

r, Taylor, A. I?., Parpart, A. K„ and Ballentine, P-, tint, and Enp. Chrm., 1939, 

II, GnP. 

o Flosdorf, E. W., and Mtidd. S., ,T. Immunol., 193S, 31, 4G9. 
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the cow was on a standard ration unsupplemented with the vitamin. 
A slight increase was noticed in the amount of ascorbic acid found 
in the 24-h'our sample of urine for the periods during which the 
vitamin was administered. 

A rapid and pronounced destruction of ascorbic acid in the rumen 
was demonstrated by removal and analysis of samples of the rumen 
contents at regular intervals after the cow had been fed (Figs. 1 and 
2). Ascorbic acid added to rumen contents in vitro and stored in a 
dark-glass, stoppered bottle at 39°-42°C disappeared at much the 
same rate as that of the in vivo experiments. 

These results are not in accord with the conclusions of Riddell and 
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Destruction of Ascorbic Acid in the Rumen of the Dairy Cow.* 

C. A. Knight, R. A. Dutcher, N. B. Guerrant and S. I. 

Bechdel. 

From the Deportment of Agricultural and Biological Chemistry, and the Depart- 
ment of Dairy Husbandry, The Pennsylvania State College, State College, Pa. 


" Dutcher and coworkers, 1 Hart, Steenbock and Ellis, 2 and Hess, 
Unger and Supplee 3 presented evidence to show that the diet of a 
dairy cow influenced the antiscorbutic potency of the milk produced. 
Using guinea pigs to test the antiscorbutic potency of the ration 
which was fed and to assay the milk which was produced, each of 
these groups of workers found that milk obtained from cows on a 
vitamin-rich ration was definitely superior in antiscorbutic value to 
the milk derived from cows on a vitamin-poor diet. These findings, 
though widely accepted, were disputed by Hughes and coworkers, 1 
who concluded from a series of experiments that the ration received 
by cows had no influence on the antiscorbutic property of their milk. 

Since the development of chemical methods for the quantitative 
determination of the antiscorbutic factor, which was shown to be 
ascorbic acid, differences of opinion have arisen concerning the fac- 
tors which have the greatest influence on the amount of vitamin C 
in milk. It is now generally agreed, however, that the vitamin C 
content of milk is independent of the season of the year and the 
ration of the cow.' This fact has led to the present investigation of 
the fate of ingested ascorbic acid in the cow. 

A rumen fistula was made in a Holstein cow. Experiments were 
performed in which this cow was fed (A) 100 g (2,000,000 Inter- 
national Units) and (B) iSOgof synthetic ascorbic acid mixed with 
corn silage; 100 g of ascorbic acid were also placed directly in the 
rumen through the fistula opening. 

Similar results were obtained in all of the experiments. No in- 
crease was observed in the ascorbic acid values of the blood plasma 
and of the milk when compared with those values obtained while 

* Authorized for publication on March 19, 1940, as paper No. 963 in the 
Journal Series of the Pennsylvania Agricultural Experiment Station. 

1 Putcher, E. A., Eckles, C. H., Dahle, C. D., Mead, S. W., and Schaffer, O. G., 

J. Biol. Chem., 1920, 45, 119. 

2 Hart, E. B., Steenbock, H., and Ellis, N. B., J. Biol. Chem., 1920, 43, 3S3. 

3 Hess, A. F,, Unger, L. J., and Supplee, G. C., J. Biol. Chem., 1920, 45, 229. 

4 Hughes, J. S., Fitch, J. B., and Cave, H. W., J. Biol. Chem., 1921, 46, L. 

5 Hon, S. K,, The Journal of Dairy Besearch, 1938, 9, 242. 
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in detecting dehydroascorbic acid as well as the reduced form of the 
vitamin. 

The authors wish to acknowledge the assistance of Dr. J. F. 
Shiglev, who performed the fistula operation, and to express their 
appreciation for the generous supply of ascorbic acid furnished by 
Chas. Pfizer and Company, New York. 
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Effect of Electrotonus on Accommodation in Nerve. 
Abraham M. Shanes. (Introduced by Robert Chambers.) 

From the Department of Biology, TTashington Square College, Xetr York 

University. 


Hill 1 has proposed an approach to the response of excitable tissues 
involving two processes, one a rise of the “local potential” and the 
other a change of threshold called “accommodation”, the rates 
of which are represented by the time constants “k” and “A” 
respectively. Blair 1 has pointed out some theoretical inadequacies 
arising from investigations of the effects of electrotonus on rheobase 
and chronaxie (theoretically .693k), but in the absence of similar 
studies on A, the extent of such limitations is not clear. Conse- 
quently, the present investigation of A was undertaken. 

The technic described by Solandt 3 employing exponentially rising 
currents was used to determine the A of the sciatic nerves of Raiia 
pipiens. The same nonpolarizabie electrodes, 2 cm apart, were em- 
ployed to produce a 2-second electrotonus and to apply the exponen- 
tial currents. Special precautions were taken to minimize residual 
and progressive effects. Most experiments were performed at 20°C. 

The chief results obtained are summarized in the accompanying 
figure. The ordinate represents the relative change in A (i.e., the 
ratio of A during electrotonus, A„, to A of the normal nerve, A n ) and 
in rheobase (i.e., the rheobase during electrotonus, V», divided by its 
normal value, V c ), while the abscissa is the intensity' of electro- 
tonus (EA r o) in rheobases. It can be seen from the continuous 

l Hill, A. V, Proc. Boy. Soc. London, Ser. B, 1936, 119, 305. 

- Blair, H. A., Cold Spring Harbor Symposia of Quantitative Biology, 1936, 
4, 63. 

3 Solandt, D. Y., Proc. Boy. Soc. London, Sen. B, 1936, 119, 355. 
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Whitnah* who suggested that the rapid disappearance of vitamin C 
from the rumen of a cow fed large amounts of green rye was due 
to a quick absorption of the vitamin. 

In making the above analyses, both the indophenol titration and the 
Roe furfural method were employed . 7 The latter method was useful 

« Riddell, W. H., and Whitnah, C. H., J. Dairy Science, 1938, 21, 121. 

7 Roe, J. H., and Hall, J. M., J. Biol Chem., 1939, 128, 329. 
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curvature was noticed by Solandt, who was unable to account for 
this divergence from theory. 

Comparison of the electrotonic effects which have been described 
with those obtained by Nivet* for chronaxie and rheobase indicates 
a possible relationship between A and k which is contrary to the sug- 
gestion of their independence made by Hill and Solandt but which is 
not the simple direct one insisted upon by the Lapicques.' 

Confirmation of the effect of electrotonus on A is seen (1) in the 
observation by Parrack® that accommodation at the anode is smaller 
than at the cathode, (2) in the decline of excitability following the 
initial rise during the passage of a linearly increasing current 
(Fabre 7 ) instead of a rise in excitability to a maximum which should 
theoretically be maintained, and (3) in the decrease of “Einschleich- 
zeit” (which Hill has shown is related to A) obtained by Schriever* 
with catelectrotonus. 
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Occurrence of Tremors and Incoordination in Vitamin 
E-Deficient Adult Rats. 

C. G. Mackenzie, Julia B. Mackenzie and E- V. McCollum. 

From the Department of Biochemistry, School of Hygiene and PuWc Heclth, The 
Johns Hopkins University, Baltimore, 2fd. 


Paralysis in adult rats grown and maintained on a vitamin E- 
defident diet was first described in detail by Ringsted 1 and later by 
Burr, Brown and Moseley. 2 Einarson and Ringsted 5 reported de- 
generative changes in the central nervous system and voluntary 
muscles, that were prevented but not cured by wheat germ oil. The 

* Niret, 1L, C. B. Soc. Biol, 1934, 116, 1013; Ibid., 1939, 131, 262. 

5 Lapicque, 1L, and M-, C. 2. Soc. Biol^ 1937, 125, 260; Joid., 1938, 129, 724. 

eparraci, H. O., in. J. Physiol., 1939, 126, 597; Proc. Am. Physiol Soc., 
52nd Annual Meeting, 1940, p. 142. 

7 Fabre, P., C. 2. Soc. Biol, 1934, 116. 1065. 

8 Schriever, H-, Zeitschr. f. Biol., 1932, 93, 123. 

l Bingsted, A-, Biochen. J., 1935, 29, 788. 

- Butt, G. O., Brown, W. B., and Moseley, B. lu, Peoc. Soc. Ftp. Biol, axd 
Med., 1937, 36, 780. 

3 Einarson, It, and Bingsted, 1938, Effect of Chronic Titcnin E Deficiency 
on the Herrons System and the Skeletal Musculature ir. Adult Bats, Oxford Uni- 
versity Press. 
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curve, which represents the modifications in A, that A is increased 
by anelectrotonus and decreased by catelectrotonus. In none of the 
168 measurements of A during electrotonus was an exception to this 
found. It is obvious, too, that A is a continuous function of the 
clcctrotonic intensity, a function which is similar to that of rheobase 
represented by the broken curve. 

Such similarity is exactly contrary to the behavior to be ex- 
pected if alterations of k and A alone govern the behavior of the 
nerve. For example, an increase in rheobase is often interpreted as 
being caused by faster accommodation. Experiments not involving 
electrotonus have also shown rheobase and A to behave in such a 
theoretically unexplainable manner. Thus, unsoaked nerves of sum- 
mer frogs mounted in a moist chamber at 29°C also exhibited an 
increase of both rheobase and A with time; measurements before and 
after soaking in Ringer’s solution often indicated the same. Fur- 
thermore, preliminary experiments indicate that although nerves 
soaked in calcium-rich Ringer’s solution show an increase in rheo- 
base, as expected from the concomitant decrease in A, the order of 
magnitude of this increase is much larger than theoretically account- 
able by the change in A. This excessive alteration in rheobase 
can be shown to explain the absence in calcium-treated nerves of the 
initial curvature theoretically predicted for the curve relating the 
relative thresholds of stimulation and the time constants of exponen- 
tial current rise (from which A is determined). The absence of this 
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animals moved. were intensified by a shrill note from an air hose. 
This stimulus caused 3 of the animals with stage 2 paralysis to run 
frantically around the cage for 20 to 30 seconds. The rear legs 
were used during this remarkable outburst of activity which ter- 
minated in collapse without convulsions or loss of consciousness. 

From 3 to 10 weeks after the appearance of the first stage of 
paralysis the weights of the male rats (330 to 3 SO g) began to 
decline. At the end of 16 to 20 weeks they had lost 60 to 100 g. 
A representative weight curve is shown in Fig. 1. 

Attempts to cure the paralysis in 2 of the males through the ad- 
ministration of 40 mg of the vitamin E concentrate per week for 16 
and 20 week periods were unsuccessful. However, the progress of 
the neuro-muscular symptoms was definitely arrested and a growth 
response was elicited (Fig. 1). Doubling the carotene or methyl 
linolate intake or supplementing with 0.6 g of ether-extracted yeast 
daily failed to retard the development of symptoms or the decline in 
weight. 
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Fig. 1. 

■Weight curves of adult male rats reared and maintained on a low-fat vitamin 
E-deficient diet. Numerals indicate stage of paralysis, f indicates the addition 
to the diet of a vitamin E concentrate. 
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muscle pathology has also been described by Evans, Emerson and 
Telford.’ We have previously reported 5 the prevention of gross 
symptoms with a vitamin E concentrate, and Knowlton, Hines and 
Brinkhous 0 have demonstrated that alpha-tocopherol acetate will 
prevent or cure the muscle changes occurring prior to the appearance 
of gross symptoms. 

This paper concerns the production of paralysis within 8 to 10 
months in rats obtained from a stock receiving ample amounts of 
vitamin E, the symptomatology of these animals, and their response 
to a vitamin E concentrate. 

Four male and 4 female rats weighing 35 g were placed on a highly 
purified vitamin E-deficient diet containing but 0.0056% of non- 
vitamin lipids. 5 One female died at 15 weeks and one at 29 weeks 
of unknown causes. At 32 to 40 weeks the remaining animals de- 
veloped the first stage of paralysis as manifested by a spreading of 
the hind legs and a marked lowering of the posterior abdominal 
region while walking. The weekly administration of 40 mg of a 
vitamin E concentrate, 7 possessing antisterility activity in a single 
3 mg dose, to one of the female rats showing the first signs of paraly- 
sis prevented the development of further symptoms during the re- 
maining 37 weeks of the experiment. 

By 45 to 50 weeks the untreated animals showed the second stage 
of paralysis characterized by extreme abduction of the hind legs, 
which were now practically useless for locomotion. In another 10 to 
12 weeks the disease had become so severe that in walking the hind 
quarters were dragged along the floor with both legs swinging from 
side to side. This, the third stage of paralysis, had not developed 
in the untreated female by the 73rd week of the experiment. 

Several weeks after the second stage of paralysis the untreated 
animals, particularly the males, developed tremors and incoordina- 
tion of the forelegs and head. So severe did these symptoms become 
that when eating, the rats were unable to maintain their fore feet in 
one position in the low food pans. The continuous jerking of the 
head rendered unsuccessful many of the attempts to obtain a mouth- 
ful of food. The tremors, which were most marked when the 

4 Evans,~H. M., Emerson, G. A., and Telford, !. R., Proc. Soc. Exp. Biol, and 

Med., 1938, 38, 625. in „„ 

o Mackenzie, C. G., Mackenzie, J. B., and McCollum, E. V., Biochem. J., 1. o9, 

33 935. 

« Knovrlton, G. C., Hines, H. M., and Brinkhous, K. M., Proc. Soc. Exp. Biol. 


and Med., 1939, 43, 804. 

7 Mackenzie, C. G., Mackenzie, J. B., and McCollum, E. 
TJ. S. P. H. S., 1938, 53, 1779. 


V., Pub. Health Sep., 
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Bi Tolerance in 349 
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results of the test on 349 unselected patients. The distribution curve 
of the results indicates that an excretion of 180 gammas or more in 
the 4-hour period represents the average normal. Patients excreting 
less than ISO gammas may be considered as below average saturation. 

This group of patients represents the population of hospitals and 
dispensaries and cannot be considered a representative cross section’ 
of the population. Fig. 2 shows the tolerance test on 35 normal, 
healthy students, instructors and physicians. Here it is seen that 
excretion values range higher. On the same figure are shown 
values of selected groups of patients suffering with gastro-intestinal 
diseases and another group in cardiac failure. The differences in 
range of excretion are more than significant. 

Because of the known relation between carbohydrate metabolism 
and Vitamin B, a group of 132 patients with diabetes mellitus were 
subjected to the test. The distribution curve of the excretion values 
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Microscopic examination of the thigh muscles revealed lesions 
similar to those described by other workers. 3 ’'*'' These lesions 
were not so extensive as those occurring in young rabbits with severe 
nutritional muscular dystrophy, a condition cured by vitamin E. 8 

Summary. Rats grown and maintained on a highly purified vita- 
min E -deficient diet developed paralysis of the rear legs accompanied 
by tremors and incoordination of the fore legs and head. Although 
cures could not be obtained, the administration of a vitamin E con- 
centrate arrested the development of these symptoms and stimulated 
growth. 
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A Test Proposed to Measure Vitamin Bi Saturation in Humans. 

Herbert Pollack, Henry Dolger, Max Ellexberg, and San- 
ford Cohen. 

From the Metabolic Clinic, Medical Wards and Laboratories of the Mount Sinai 
Hospital, New Tori; City. 


A test designed to measure the individual patient's saturation with 
respect to Vitamin B, would have a wide clinical application. Ex- 
periments have been carried out in an attempt to develop such a pro- 
cedure. The validity of such a test depends upon, among other 
things, the accuracy of the method of assay for the Vitamin B t . 
The assay methods fall into two categories — chemical and biological. 
The chemical methods on the whole are specifically for pure thiamin. 
Among the biological methods the Schultz, Atkins and Fry technic 
which employs the rate of fermentation of glucose by a yeast is the 
most suitable for clinical investigation. This method measures not 
only the thiamin but the pyrimidines as well. The pyrimidines 
present in the urine may be considered for practical purposes as orig- 
inating from the members of the B complex. The actual test in its 
present form employed in this laboratory is summarized as follows : 

Patients were injected with 1 mg of thiamin hydrochloride 
intramuscularly in the fasting state. The urine was collected for a 
4-hour period following the injection. The Vitamin Bi activity of 
this collected urine was assayed by means of the Schultz, Atkins and 
Fry yeast fermentation method. Fig. 1 shows the tabulation of the 

Cr., and McCollum, E. Nutr.,~19it), 19, Zi5~ 
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Toxicity varies with different specimens and is more concentrated in 
the cells and debris than in the “plasma.” Whole menstrual dis- 
charge given subcutaneously in 0.1 to 1.0 cc amounts (depending 
upon the specimen) twice daily to normal mature females, starting 
when they are in preestrus, often results in death within 48 hours. 
Within 24 hours or less of the first injection the animals are appre- 
hensive and “hunched up”; their fur is ruffled; water intake in- 
creases ; the nose and inner canthi of the eyes become encrusted with 
blood and there is firm edema of a wide area around the site of injec- 
tion. Death is not ushered in by convulsions. At autopsy, the ad- 
renals are of a dark reddish-brown color, the liver is usually dark 
and mottled and the lungs are congested, as compared with controls. 
Occasionally blood is found in the urinary bladder. Under the micro- 
scope the lungs show edema and capillary hemorrhage, the kidneys 
varying degrees of parenchymatous degeneration, congestion and 
often capillary hemorrhage. The liver shows some degeneration. 
The most consistent picture is seen in the adrenal cortex, diffuse or 
focal hemorrhage and dissolution of cells in either or all zones. In 
the adrenal cortices of rats that have died early, hemorrhage may be 
the only finding. With increased length of survival, dissolution to 
actual necrosis of cells is also seen, along with increased vacuoliza- 
tion. 

Animals in which injections are started during the beginning of 
postestrus are most likely to survive and become comparatively re- 
sistant to continued injections. On exploration after the third or 
fourth day, their ovaries contain large, red corpora lutea. The sub- 
cutaneous edema becomes replaced by brawny induration, so that in 
less than 15 days the stiffness and fixation of the pelt prohibit fur- 
ther injections. 

If each dose of menstrual discharge is accompanied by the subcu- 
taneous injection of 1 to 2 r.u. of a native estrogen (we usually have 
used 0.05 y of estradiol), the animals almost invariably die within 48 
hours of the first injections, regardless of the time of the cycle at 
which administration is started. Clear “plasma” from the discharge 
is usually innocuous in normal mature female rats in fairly large 
amounts ( 1 to 2 cc twice daily) at any stage of the cycle unless estro- 
gen is concomitantly given, in which case the typical rapid death 
ensues. In control experiments with venous blood or serum with or 
without estrogen, the only deleterious effect noted was subcutaneous 
induration when more than 2 cc of whole venous blood was adminis- 
tered daily. 

The most consistently lethal effect has been noted in 19- to 24- 
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so closely parallels that of the larger unselected group of patients that 
one can infer no particular unsaturation of Vitamin B t in clinical 
diabetes mellitus. 
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Menstrual Discharge of Women. I. Its Toxicity in Rats.* 

O. Watkins Smith and George Van S. Smith. 

From the Fearing Research Laboratory, Free Hospital for Women, BrooJdinc, Hass. 

In an effort to find a factor to which the local processes resulting 
in menstruation might be attributable, 37 specimens of menstrual dis- 
charge, each varying from 30 to 120 cc in amount, donated by 5 
normally menstruating, parous women, have been studied. They 
have been collected by means of soft rubber cups.f During col- 
lection each portion has been placed in the refrigerator immediately 
upon removal. For the most part, the experiments to be reported 
have been performed upon the whole specimen after pooling the 
various portions. For control experiments, whole venous blood, 
drawn during the first day of menstruation and citrated or mixed 
with sufficient distilled water to prevent clotting and kept in the 
refrigerator, has been used in similar or larger amounts. 

Menstrual discharge has been found to be highly toxic to rats, 
their resistance being markedly affected by hormonal conditions. 

* The Mrs. William Lowell Putnam Investigation of the Toxemias of Preg- 
nancy, aided by grants from the Committee for Research in Problems of Sex, 
National Research Council. 

t The Hy-Kup Distributors (National), Indianapolis, Indiana. 
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estrogen be given with the discharge. Chorionic gonadotropin 
does not save mature females from the combined injection of dis- 
charge and estrogen. Desoxycorticosterone acetate (10 to 20 mg) 
does not prevent death from a M.L.D. of discharge in immature 
females or from discharge plus estrogen in mature females even 
when its administration is begun 2 days before injecting the toxin. 
Adrenal cortical extract (Eschatin, P. D. & Co.) in 1-cc doses 
twice daily for 2 days before and during the day of injection of 
twice the M.L.D. of discharge completely protected an immature 
female; a littermate control receiving the same amount of the same 
discharge on the same day died in 20 hours. 

Immature and mature female rats may be rendered resistant to 
several times the M.L.D. of discharge alone or discharge plus estro- 
gen by injection of sublethal doses twice a week for 2 to 3 weeks. 
Such immunity has been maintained for as long as 4 months. Ma- 
ture female rabbits are extremely susceptible to the discharge alone, 
1 to 3 subcutaneous injections of 1 cc usually resulting in death 
within 48 hours. By extreme caution, 1 rabbit was made to survive 
14 days of small injections. Its serum, in 5 1-cc amounts over 2)4 
days prior to the injection of twice the M.L.D. of a specimen, com- 
pletely protected an immature female rat. A pseudoglobulin fraction 
of this same serum also protected immature female rats against 
lethal doses of 2 other samples of discharge from 2 different donors. 

Only by preliminary treatment were we able to protect rats against 
the menstrual toxin with progesterone, adrenal cortical extract or 
immune serum. After the discharge had been administered, even 
massive amounts of any of these failed to prolong the period of 
survival. 

In an attempt to determine whether the toxicity of menstrual dis- 
charge is due to a specific toxin or simply to products of bacterial 
action or protein decomposition, the following experiments were 
run. Sterile citrated whole venous blood was incubated for 48 
hours after inoculation with discharge. This material was toxic 
to immature rats but not lethal, even in amounts 3 to 5 times the 
M.L.D. of fresh discharge. The striking edema which characterizes 
the reaction to menstrual discharge was lacking in rats injected with 
inoculated venous blood. Furthermore, it was found that sterile 
venous blood alone, after 48 hours at incubation temperature, is as 
toxic as inoculated material. These experiments, therefore, gave 
no conclusive evidence either for or against the specificity of men- 
strual toxin. Discharge collected on the fourth day of flow in a 
sterile cup following a douche with 2 quarts of water killed an 
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day-old female rats. Thirty-five of the 37 specimens so tested have 
produced death, when given twice daily, in less than 48 hours from 
the first injection, the total dose varying with different specimens 
between 0.01 and 0.8 cc. The only 2 specimens non-lethal in 0.8-cc 
amounts in immature females were from the same donor and had 
been collected during the first day of the period when flow was 
profuse and contained little or no debris. In this individual, speci- 
mens during the last days of flow contained much brown debris and 
were very much more toxic, a single injection of 0.01 to 0.1 cc 
being usually lethal to immature female rats. Two to 4 cc of whole 
venous blood in 4 doses over 2 days is easily tolerated by immature 
female rats. Spayed immature female rats, and male rats, both 
immature, mature and castrated mature, have a relatively greater re- 
sistance to the discharge, and mature females, spayed more than 4 
weeks previously, have tolerated even larger amounts. The ad- 
ministration of estrogen to spayed females does not render them 
more susceptible to the discharge. In 2 experiments, a mash of 6 to 
7 fresh mature rat ovaries injected simultaneously with each dose 
of the discharge and estrogen produced the typical rapid death in 
spayed females; the control spayed females receiving the same 
amounts of the same discharge and estrogen survived. 

From these observations, it would appear that the greatest sus- 
ceptibility to the menstrual toxin depends upon the presence of the 
ovaries and that corpora Iutea afford partial protection, but that the 
administration of estrogen overrides this protective action. 

The toxicity of the discharge is destroyed by heat, ethyl alco- 
hol, acetone or acid, in amounts sufficient to precipitate the proteins. 

It is diminished by raising the pH to over 8 or by allowing the speci- 
mens to become putrid either by standing at room temperature for a 
few days or in the refrigerator for at least 3 weeks. Dried rapidly 
in vacuo over CaCl : , powdered, sealed and refrigerated, the material 
retains its toxicity for at least 8 months. The toxin is not soluble 
in the usual lipoid solvents and is nondialysable. After fractional 
precipitation with (NHOsSCh, it is found in greatest concentration 
in the water insoluble portion (after dialysis) of the englobulin 
precipitate. 

Mature female rats have been completely protected against a lethal 
dose of menstrual discharge plus estrogen by the preliminary and 
simultaneous administration of large amounts of progesterone, to a 
total of 15 to 30 mg. Chorionic gonadotropin, if given so as to pro- 
duce a good luteinizing response by the time a M.L.D. of the dis- 
charge is injected, protects immature female rats, but not if 
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to normal cycles when injections were discontinued. One to 2 cc 
twice daily of either whole menstrual discharge or “plasma” produce 
this effect, but “plasma” (without estrogen) is less likely to be 
lethal and is not as irritating to the subcutaneous tissues. Explora- 
tion revealed large corpora lutea which were functional, as demon- 
strated by the finding of deciduomata on the ninth day of injections 
following needling of the uterus on the sixth day. 

Such a progesterone-stimulating action suggested that the dis- 
charge might contain either a known gonadotropic hormone or an 
estrogen, although the familiar estrogens in amounts sufficient to 
stimulate demonstrable hyperactivity of the corpora would first 
produce estrous vaginal smears. In searching for estrogenic po- 
tency, we have extracted large amounts of whole menstrual dis- 
charge, “plasma” and dried whole discharge with ethyl alcohol, 
ether, acetone, butyl alcohol and benzene. We have also attempted 
to recover any combined estrogen by performing acid hydrolysis 
upon wet and dried whole discharge and butyl extracts of the same.t 
None of these preparations, in olive oil solution or saline suspen- 
sion, has given estrus in spayed mature female rats, standardized 
for estrogen assay, even when tested upon a number of primed ani- 
mals for as little as 1 r.u. in 20 cc of material.t Although Frank 3 
has reported estrogenic activity in menstrual discharge, our results 
demonstrate that, if present at all, there is not enough to account for 
the increased production of progesterone in normal mature rats. 
These lipoid extracts have neither been toxic nor had any effect upon 
the cycles of rats. 

In searching for gonadotropic substance, whole discharge was 
shaken with 5 volumes of 95% ethyl alcohol and placed in the 
refrigerator overnight. After centrifugation, the precipitate was 
washed twice with ether, dried, powdered and taken up in water. 
After 24 hours in the refrigerator, with repeated shaking, the water- 

1 Crystalline estrone in water is rapidly destroyed by acid hydrolysis methods 
which may be used upon urine without loss of added estrone. A solution of high 
salt concentration (69 g NalloPO^ and 179 g NanHPO* per L) has been found a 
satisfactory substitute for urine and used as the medium for hydrolysis in attempt- 
ing to deconjugate any combined estrogens in menstrual discharge or extracts of 
it. The material to be tested has been diluted with 10 volumes of concentrated 
phosphate solution, boiled under a reflux for 10 minutes with 15 vol.97 HCia and 
extracted for 24 hours in a continuous benzene extractor. 

2 Smith, O. W., Smith, G. Y., and Schiller, S., Endocrinol., 1939, 25, 509. 

t A total of 22 lipoidal extracts of whole menstrual discharge or plasma have 
been tested, each representing from 40 to 270 cc of material. 

sihanh, K., The Female Sex Hormones, Charles C. Thomas, published 1929. 
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immature female rat in 30 hours. This material was given in a 
single injection of 0.25 cc within 40 minutes from the time it passed 
the cervix. Its toxicity would seem to rule out bacterial activity 
or any protein decomposition other than what might occur in the 
uterus. The strongest indication of a specific toxin lies in the re- 
peatedly confirmed observation that 1 to 2 cc twice daily of speci- 
mens of whole discharge or “plasma,” which alone in these amounts 
are non-toxic to normal mature female rats, are lethal within 72 
hours from the first injection when estrogen is simultaneously 
administered, whereas such is not the case with venous whole blood 
or serum. 

Conclusion. The menstrual discharge of women with normal 
cycles is highly toxic to rats through the production of vascular 
damage. The possibility that this toxicity is accountable to protein 
decomposition has not been conclusively ruled out, although the 
marked effect of hormonal conditions upon resistance appears to 
argue against this. The greatest susceptibility requires the presence 
of the ovaries. Functional corpora lutea afford partial protection, 
but the administration of estrogen overrides this action. Protection 
may be rendered by pretreatment with large amounts of pro- 
gesterone, adrenal cortical extract or “immune” rabbit serum. The 
toxin appears to be intimately associated with a large moleculed 
protein material. 
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Menstrual Discharge of Women. II. Its Progesterone-Stimulat- 
ing Effect in Mature Rats.* 

O. Watkins Smith and George Van S. Smith. 

From the Fearing Research Laboratory, Free Hospital for Women, Brookline, Mass. 


Early in the study of the toxicity of the catamenial discharge 1 
it was noted that mature female rats, with previous^ regular cycles, 
which survived the first 2 or 3 days of injections went, within 72 
hours, into constant diestrus on continued injections and reverted 

* Thc Mrs. William Lowell Putnam Investigation of the Toxemias of Preg- 
nancy, aided by grants from the Committee for Research in Problems of Sex, 
National Research Council. 

l Smith, O. W., and Smith, G. Y., Pboc. Soc. Exp. Biol, and Med., 1940, 
44 , 100 . 
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Conclusion. The menstrual discharge of normally menstruating 
women contains a heat-stable factor, insoluble in lipoid solvents, 
which stimulates increased luteal activity in mature rats. This factor 
has also been found in venous blood and urine at the time of men- 
struation. Its progesterone-stimulating effect is not accountable to 
any free or combined estrogen or to any known gonadotropic 
hormone. 

So far as this work has progressed, the progesterone-stimulating 
factor of menstrual discharge resembles the substance reported by 
Astwood and Greep as occurring in the rat placenta/ Our material 
has not yet been tested upon hypophysectomized rats but the fact that 
alcohol precipitation destroys toxicity without decreasing pro- 
gesterone-stimulating activity makes it appear that the progesterone 
stimulation is not a non-specific toxic effect. 
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■Unsuccessful Therapy in Experimental Equine Encephalomye- 
litis with Salt Solutions of Varied Concentrations and 
Sulfanilamide Compounds.* 

J. Emerson Kempf and Malcolm H. Soule. 

From the Eyyier.ic Laboratory , University of Michigan, Ann Arbor . 


The high mortality of Eastern equine encephalomyelitis in both 
man and animals has prompted interest in therapy. Specific anti- 
sera may have value in the treatment of horses if administered early, 
but its use after the disease is well established is ineffectual. 1 In 
horses the disease may be suspected and treated specifically; how- 
ever, in man the diagnosis must usually await the appearance of 
neurological signs at which stage the lesions are too far advanced for 
antiserum therapy. This shortcoming suggested the investigation of 
other therapeutic procedures employing the highly susceptible rat 
and mouse. 

The beneficial effect of hypertonic solutions, such as 10-25 

4 Astwood, £. B., and Greep, B. O.. Psoc. Soc. Exp. Biol, xsd Mep., 193S, 38, 
713. 

* Tiis work was aided ly a grant from tie Clara "Ward Seatnrr Clinic for 
Infantile Paralysis. 

i Personal commnnication, Dr. B. 1L Lyon, Assistant Director, Vet. Dept., 
Lederle Lais., New York. 
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insoluble residue was separated by centrifugation, washed 3 times 
with water and discarded, the watery extract (with washings) being 
made up to a measured volume and used for testing. Such ex- 
traction appears to yield a complete recovery of the progesterone- 
stimulating principle, since, with 12 specimens from 3 donors, the 
equivalent of 1 cc of discharge twice daily for 8 days was sufficient to 
increase and prolong the activity of corpora lutea in mature rats, with 
the production of deciduomata after needling of the uterus on the 
sixth day. These extracts have shown no toxicity other than a slight 
.subcutaneous reaction. As tested on spayed rats, they contained no 
free or combined cstrogen.f They have had no effect upon the geni- 
talia of immature female rats in amounts equivalent to 6 cc of whole 
•discharge. The combined injection of one of them and F.S.H. 
(from menopausal urine) into an immature female rat gave no 
luteinization. They have not enhanced the luteal response of imma- 
ture rats to chorionic gonadotropin and have repeatedly failed to 
augment the weight of the seminal vesicles of immature males (the 
•equivalent of 10 cc of material being given in 10 doses over 5 days). 
These findings rule out the presence of any known follicle-stimulat- 
ing or luteinizing hormone. Furthermore, activity was not dimin- 
ished by heating in a boiling water bath for 1 hour, which treatment 
is destructive of the known gonadotropic hormones. 

After fractionation of the proteins of menstrual discharge with 
(NHi) s S0 4 , the progesterone-stimulating activity is recovered in 
the water-insoluble portion (after dialysis) of the englobulin pre- 
cipitate. The toxicity of menstrual discharge is also recovered in 
.greatest concentration in this fraction.}; The toxin and progesterone- 
stimulating substance are not identical, however, since alcohol pre- 
cipitation destroys the former but not the latter. Furthermore, the 
latter lias been found in nonlethal materials, such as alcohol-ether 
precipitates of venous blood and urine at the time of menstruation 
and in a sample of catamenial discharge that had lost its toxicity on 
standing. None has been demonstrable in venous blood, in the 
amounts tested, during the luteal phase of the cycle or in blood from 
males. In testing for it, upon normal mature rats with previously 
regular cycles, the result is considered positive only when deciduo- 
mata, confirmed by microscopic section, are present on the eighth or 
ninth day of injections after needling of the uterus on the fifth or 
sixth day. 

$ These findings suggest that the progesterone-stimulating factor occurs m 
menstrual discharge in a toxic protein conjugation which is split by alcohol but 
.not by (NH 4 ) 2 S0 4 precipitation. 
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2-sulfanilamidothiazol (sulfathiazol), 2-sulfanilamidomethylthiazol 
( sulf amethylthiazol ) , and 2-sulfanilamidophenylthiazol (sulfa- 
phenylthiazol). The animals were inoculated intracerebraily. Treat- 
ment with the drugs was started 24 hours later and was continued 
twice daily by the intraabdominal route. The rats received 40 mg 
of sulfanilamide (human dose of sulfanilamide compounds: max- 
imum 6 g daily per os); 2 mg of sulfapyridine, and 15 
mg of the thiazol compounds. The 5 sulfanilamide com- 
pounds were injected into the mice in 2 mg doses following 
the aforementioned technic. This procedure is open to criticism 
based on the clinical opinion that in order to maintain a satisfactory 
blood level of the drug it must be given 4 times daily. However, in 
the hands of Barlow and Homburger 0 the treatment of staphylo- 
coccus infections of mice with 2 daily doses of thiazol compounds 
administered by stomach tube was successful. In addition, 1,000 
times the minimal cerebral lethal dose may be considered a too 
severe inoculum, but in man the virus would be present in high con- 


TABLE II. 

Chemotherapy of EEE In Rats Infected with 1,000 MCLD.* 


Treatment 

r 

Compound 

Dose, mg 
twice daily 

No. of rats 

Mortality 




9c 

None (control) 


16 

16 (100) 

Sulfanilamide 

40 

14 

14 (100) 

Sulfapyridine 

2 

14 

14 (100) 

Sulfathiazol 

15 

12 

12 (100) 

Sulf amethylthiazol 

15 

9 

8 ( 89) 

Sulfaphenylthiazol 

15 

9 

9 (100) 

*See footnote Table I. 


TABLE in. 

Chemotherapy of EEE in Mice Infected with 1,000 MOLD.* 
Treatment 


r — ■ — 

Compound 

Dose, mg 
twice daily 

No. of rats 

Mortality 

None (control) 


12 

<7o 

12 (100) 

Sulfanilamide 

2 

12 

12 (100) 

Sulfapyridine 

o 

12 

11 ( 92) 

Sulfathiazol 

2 

12 

11 ( 92) 

Sulfamethvlfhiazol 

2 

12 

10 ( 83) 

Sulfaphenylthiazol 

2 

12 

12 (100) 

'See footnote Table I. 

9 Barlow, O. W., and Homburger, E,, 

Proc. Soc. Exp. Biou. and Med., 1939, 


42 , 792. 
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glucose, in edema of the CNS has long been recognized, particularly 
m edema of traumatic origin. In contrast, poliomyelitis of man 
and monkey has apparently responded favorably to* injections of 
hypotonic solutions in the hands of Retan. 2 Therefore, the effects of 
hy pertonic and hypotonic saline solutions were compared in rats 
with experimental EEE using isotonic saline as a control. Intra- 
abdominal injections of the solutions were begun 40 hours after 
intracranial inoculation of the rats, at which time about 10% of 
the animals showed well advanced signs of the disease. The re- 
maining rats appeared normal. The fluids were administered in 
4 cc quantities every 2 or 3 hours, totaling approximately 40 cc 
daily for a 150 g rat. This is equivalent to 12 liters for a 60 kg 
man. The saline injections were continued until 83% of the animals 
were dead. This treatment in no way altered the course of the in- 
fection (Table I). 

Many workers have reported the use of sulfanilamide and related 
compounds on virus infections of man and animals. In man sul- 
fanilamidcs seem to be of value in lymphopathia venereum, 3 and in 
animals success has followed the treatment of meningo-encephalitis 
associated with canine distemper,* with negative results in poliomye- 
litis, s - *• ' rabbit myxoma, rabbit fibroma, herpetic encephalitis, chorio- 
meningitis and St. Louis encephalitis. 8 

The following compounds were selected for evaluation in the 
treatment of EEE in rats and mice: sulfanilamide, sulfapyridine, 


TABLE I. 

Effect of Intraabdominal Injections of Saline Solutions of Varied Concentrations 
on EEE in Rats Infected with 10 MCLD.'f 


Treatment 




Solution Dose, cc 

Frequency 

No. of rats 

Mortality 




% 

None (control) 


45 

36 (80) 

Ilrpertonic Saline — 39c 4 

Every 2-3 hr 

45 

39 (86) 

Hypotonic Saline — 0.375#! 4 

ft ft 

45 

39 ( S6 ) 

Isotonic Saline — 0.875# 4 

If ft 

45 

36 (80) 

'Duration of the experiment was 

72 hr. 



fMCLD = Minimal cerebral lethal doses. 




- Rctan, G. M., J. Pea., 1937, 11, 647. 

3 Shaffer, L. W., and Arnold, E., Arcli. Derm, and Syph., 1938, 88, 705. 

4 Marcus, P. M., and Necheles, H., Proc. Soc. Exp. Biol. and Med., 1938, 


38, 385. 

5 Toomey, J. A., and Takacs, W. S., Arch. Fed., 1938, 53, 307. 
o Kelsen, S. R., Proc. Soc. Ext. Biol, and Med., 1937, SO, 718. 

T Toomey, J. A., and Takacs, W. S., Arch. Fed., 1939, 56, 384. 

8 McKinley, E. B., Meek, J. S., and Acree, E. G., J. Infect. Dis., 1939, 64, 36. 
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occurs after inoculation of 10*” mg tubercle bacilli, but either medium 
will produce profuse growth after inoculation of 10*° mg bacilli if 
5% unheated serum is added to the medium. 

The total lipoids extracted from the serum by alcohol and ether 
are inhibiting and the phospho-lipins are without effect in contrast 
to what was observed in egg yolk. 0 When the proteins are precipi- 
tated by alcohol and redissolved in distilled water, they have the same 
growth-promoting effect as the original serum, while the filtrate 
(after removal of the alcohol) is inhibiting. 

Separation of the serum proteins in albumen and globulin by half 
saturation with ammonium-sulfate, showed the albumen fraction to 
be strongly growth-promoting (after dialysis), while the globulin 
fraction was inhibiting or without effect. Crystalline horse serum 
albumen after three recrystallizations was strongly growth-promot- 
ing when added in a concentration of 0.1% to synthetic medium; 
rapid and abundant growth occurred after inoculation of as little as 
10 7 mg tubercle bacilli. Autoclaving for 10 minutes at 115°C 
of the synthetic medium containing the serum albumen destroys 
the growth-promoting effect. 

Horse serum albumen after 3 recrystallizations still contains 
numerous impurities, amongst which are globulins, enzymes, pig- 
ments and flavoprotein. Experiments are now in progress to prepare 
a horse serum albumen completely free of such admixtures. 

The growth-promoting activity of crystalline horse serum albu- 
men is much greater than that of the lipoid extracts of egg yolk 
previously described. Addition of 0.2>% egg yolk gave good growth 


TABLE I. 

No. of Colonies of Tubercle Bacilli Developing in Depth of Media After Inoeula- 
tion of Varying Amounts of Bacilli. 


Mg 

tubercle 

bacilli 

inoculated 

Glycine 

medium 

Asparagine- 

ammonium. 

citrate 

medium 

Glycine 
medium 
with 0.1% 
crystalline 
horse serum 
albumen 

Asparagine- 
ammonium 
citrate 
medium 
with 0.1% 
crystalline 
horse serum 
albumen 

10-1 

7 

innumerable 

innumerable 

innumerable 

10-2 

0 

8 

11 

1 1 

10-3 

0 

3 

S 1 

11 

10-4 

0 

0 

11 

11 

10-5 

0 

0 

11 

11 

10-0 

0 

0 

SO 

> > 

10-f 

0 

0 

G 

30 

10-9 

0 

0 

0 

1 

o Boissevain, 0. H., 

and Schultz, H. W., Am. Bev. Tuberculosis, 

1938, S», 624. 
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centration before the diagnosis could be made and the drug admin- 
istered. 

The data are presented in Tables II and III. The drugs under the 
conditions of the experiment had no apparent effect on the course of 
the infection. 
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Growth Promotion of the Tubercle Bacillus by Serum Albumen. 

C. H. Boissevain. 

From the Laboratory of the Colorado Foundation for Research in Tuberculosis at 
Colorado College , Colorado Springs , Colo. 

The author 1 described the growth of single colonies of tubercle 
bacilli in the depth of coagulated rabbit plasma. It was then ob- 
served that rabbit serum + agar was a less favorable medium than 
coagulated plasma. Only a few colonies developed in “hormone 
agar”, but many more in hormone agar + rabbit serum. The 
growth-promoting effect of serum was quite variable. Evans and 
Hanks 5 confirmed the favorable effect of rabbit serum and obtained 
good growth in the depth of Long’s medium after the addition of 
blood or serum. Kallo and Nathan 3 and Pagel 4 found that some 
human sera support the growth of tubercle bacilli while others 
fail to do so. Pagel could not demonstrate the presence of either 
growth-promoting or specific inhibiting substances. Drea 5 con- 
firmed the inhibiting effect of agar and found that tubercle bacilli 
grew in the depth of a modified Long’s medium when it had been 
inoculated with varying quantities of a bacillary emulsion. 

The addition of human, guinea pig, rabbit, sheep or horse serum 
all enhance the growth of tubercle bacilli in the depth of synthetic 
medium The growth appears earlier, is more abundant and takes 
place after inoculation of smaller quantities. In synthetic medium 
where the nitrogen is supplied by glycine, growth rarely occurs after 
inoculation of less than 10' 1 mg tubercle bacilli, in media with 
asparagine-ammonium citrate as nitrogen source, growth frequently 

l Boissevain, C. H., Am. Rev. Tuberculosis, 1926, 13, 90. 

- Evans, B., and Hanks, J. H., Peoc. Soc. Exp. Biol, and Med., 1939, 40, 112. 

3 Kall6s, P., and Nathan, E., Z. f. Immunities forschung, 1932, 70, 393. 

4 Pagel, W., Tubercle, 1934-35, 10, 256; J. Path, and Pact., 1940, 50, 111. 

5 Brea, W. F., J. Bact., 1940, 30, 197. 
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occurs after inoculation of 1C' 3 mg tubercle bacilli, but either medium 
will produce profuse growth after inoculation of 10~° mg bacilli if 
5% unheated serum is added to the medium. 

The total lipoids extracted from the serum by alcohol and ether 
are inhibiting and the phospho-lipins are without effect in contrast 
to what was observed in egg yolk. 0 When the proteins are precipi- 
tated by alcohol and redissolved in distilled water, they have the same 
growth-promoting effect as the original serum, while the filtrate 
(after removal of the alcohol) is inhibiting. 

Separation of the serum proteins in albumen and globulin by half 
saturation with ammonium-sulfate, showed the albumen fraction to 
be strongly growth-promoting (after dialysis), while the globulin 
fraction was inhibiting or without effect. Crystalline horse serum 
albumen after three recrystallizations was strongly growth-promot- 
ing when added in a concentration of 0.1 °/o to synthetic medium; 
rapid and abundant growth occurred after inoculation of as little as 
10~‘ mg tubercle bacilli. Autoclaving for 10 minutes at 115°C 
of the synthetic medium containing the serum albumen destroys 
the growth-promoting effect. 

Horse serum albumen after 3 recrystallizations still contains 
numerous impurities, amongst which are globulins, enzymes, pig- 
ments and flavoprotein. Experiments are now in progress to prepare 
a horse serum albumen completely free of such admixtures. 

The growth-promoting activity of crystalline horse serum albu- 
men is much greater than that of the lipoid extracts of egg yolk 
previously described. Addition of 0.3% egg yolk gave good growth 

TABLE I. 


No. of Colonies of Tubercle Bacilli Developing in Depth of Media After Inocula- 
tion of Varying Amounts of Bacilli. 


Mg 

tubercle 

bacilli 

inoculated 

Glycine 

medium 

Asparagine- 

ammonium 

citrate 

medium 

Glycine 
medium 
with 0.1% 
crystalline 
horse serum 
albumen 

Asparagine- 
ammonium 
citrate 
medium 
with 0.1% 
crystalline 
horse serum 
albumen 

10-1 

7 

innumerable 

innumerable 

innumerable 

10— - 

0 

8 

ft 

1 t 

10-3 
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centration before the diagnosis could be made and the drug admin- 
istered. 

The data are presented in Tables II and III. The drugs under the 
conditions of the experiment had no apparent effect on the course of 
the infection. 
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Growth Promotion of the Tubercle Bacillus by Serum Albumen. 

C. H. Boissevain. 

From the Laboratory of llic Colorado Foundation for Research in Tuberculosis at 
Colorado College, Colorado Springs, Colo. 


The author 1 described the growth of single colonies of tubercle 
bacilli in the depth of coagulated rabbit plasma. It was then ob- 
served that rabbit serum -f- agar was a less favorable medium than 
coagulated plasma. Only a few colonies developed in “hormone 
agar”, but many more in hormone agar -f- rabbit serum. The 
growth-promoting effect of serum was quite variable. Evans and 
Hanks 5 confirmed the favorable effect of rabbit serum and obtained 
good growth in the depth of Long’s medium after the addition of 
blood or serum. Kallo and Nathan 3 and Pagel 4 found that some 
human sera support the growth of tubercle bacilli while others 
fail to do so. Pagel could not demonstrate the presence of either 
growth-promoting or specific inhibiting substances. Drea 6 con- 
firmed the inhibiting effect of agar and found that tubercle bacilli 
grew in the depth of a modified Long’s medium when it had been 
inoculated with varying quantities of a bacillary emulsion. 

The addition of human, guinea pig, rabbit, sheep or horse serum 
all enhance the growth of tubercle bacilli in the depth of synthetic 
medium The growth appears earlier, is more abundant and takes 
place after inoculation of smaller quantities. In synthetic medium 
where the nitrogen is supplied by glycine, growth rarely occurs after 
inoculation of less than 10' 1 mg tubercle bacilli, in media with 
asparagine-ammonium citrate as nitrogen source, growth frequently 

1 Boissevain, C. H., Am. Rev. Tuberculosis, 1926, IS, 90. 

2 Evans, B., and Hanks, J. H., Proc. Soc. Exp. Biol, and Med., 1939, 40, 112. 

3 KaU6s, P., and Nathan, E., Z. f. Immunities forsclmng, 1932, 76, 393. 

4 Pagel, W., Tubercle, 1934-35, 10, 256; J. Path, and Bad., 1940, 50, 111. 
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The serum was fractionated with the aid of the somewhat modified 
method of Parsons, 1 originally recommended for crystallization of 
hemoglobins and in these experiments consisting of repeated alternate 
freezing to — 14°C and centrifugalization of the serum at 4°C until 
complete thawing. The procedure enabled the separation of colorless, 
faintly colored, medium colored, and dark red fractions. Small 
amounts of crystals and whitish debris were also obtained. 

Following determinations of the concentration of hemoglobin by 
the Sahli method modified by Wintrobe (Hellige haemometer), all 
the materials were promptly injected into guinea pigs weighing each 
350 g. The volume injected into each guinea pig ranged between 
1 cc-10 cc and never exceeded 10 cc. One cc was given subcu- 
taneously over the abdomen, the remaining amount was introduced 
subcutaneously over both thighs in equally divided doses. Examina- 
tions for symptoms of generalized and local tetanus were made 
daily. Test guinea pigs recorded as having shown tetanus intox- 
ication died following generalized paralysis and spasms. On post- 
mortem exmination no other pathological findings were observed 
except localized inflammation at the site of injection without pus 
formation, and some congestion of lungs and adrenals. The results 
of the tests were consistently as follows : 

The blood defibrinated by means of glass beads elicited tetanus. 
The washed red blood ceils, the cellular debris and packed hemo- 
globin crystals suspended in a small amount of 0.85% NaC 3 solution 
failed to produce the symptoms. 

Laked red blood cells tested before centrifugalization, and the clear 
dark red supernatant fluid obtained after centrifugalization of the 
laked cells, both possessed a considerable amount of tetanus toxin, 
which in sufficient concentration produced acute paralysis and death 
within 48 hours following the subcutaneous injection. 

The plasma containing a certain amount of hemoglobin also had 
the tetanospasmin. Fractionation proved, however, that the major 
portion of the toxin was associated with the dark red portion; a 
small amount capable of producing only local tetanus being present 
in the medium-colored fraction, and none at all found in the colorless 
and slightly colored parts. 

Quantitative studies emphasize the remarkable fact that under the 
above experimental conditions the tetanospasmin concentration of 
the blood is approximately directly proportional to the hemoglobin 
concentration. With doses 20-40 M.L.D. of the toxin injected sub- 

l Parsons, quoted in The Respiratory Function, of the Blood... Part 11. Hem- 
oglobin, p. 68, by Joseph Barcroft, Cambridge. University Press, 1928. 
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after planting 10~ 5 nig bacilli while 0.1% horse serum albumen sup- 
ports growth after planting lCh 7 mg bacilli. 

Summary. Crystalline horse serum albumen was shown to be 
strongly growth-promoting for tubercle bacilli grown in synthetic 
media. Horse serum globulins were without effect or inhibited 
growth. 
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Association of Tetanospasmin with Hemoglobin in Acute Stages 
of Tetanus Intoxication of Guinea Pigs. 

Gregory Siiwartzman. 

From the Laboratories of The Mount Sinai II o. spit at, Few Tori-, X. T. 


The object of this communication is to report on a new observation 
that tetanus toxin (tetanospasmin) may be found intimately asso- 
ciated with the hemoglobin of guinea pigs during the paralytic 
stages of the disease. A part of an extensive series of experiments 
on this problem is briefly summarized, as follows ; 

Guinea pigs weighing each 350 g were injected subcutaneously in 
the abdominal region with tetanus toxin* in doses ranging between 
20 to 40 M.L.D. and bled from the heart during the stages of com- 
plete paralysis and spasmodic contractions (i.c., 24-48 hours follow- 
ing the subcutaneous injection). The pooled blood was defibrinated 
by shaking with glass beads; filtered through several layers of gauze, 
and centrifuged at room temperature for one-half hour. The clear, 
dark red supernatant plasma and the sedimented red blood cells were 
placed in separate containers. 

Washing of red blood cells in 1 % NaCl solution was repeated until 
the supernatant fluid became biuret-negative (usually 4 washings are 
required). The washed cells were diluted 1:5 in distilled water. 
When fairly complete taking and some crystallization occurred about 
one hour later, the solution was centrifuged for one-half hour also 
at room temperature. This procedure resulted in separation of a 
dense dark red sediment containing masses of hemoglobin crystals; 
a superimposed loose whitish precipitate consisting of cellular debris 
and some hemoglobin crystals; and finally, a clear dark red super- 
natant fluid. 

* Tetanus toxin in powder form obtained from Eli Lilly Research Laboratories 
(Lilly 27994, 400,000 M.L.D. per g), through the courtesy of Dr. H. M. Powell. 
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subcutaneously over both thighs in equally divided doses. Examina- 
tions for symptoms of generalized and local tetanus were made 
daily. Test guinea pigs recorded as having shown tetanus intox- 
ication died following generalized paralysis and spasms. On post- 
mortem exmination no other pathological findings were observed 
except localized inflammation at the site of injection without pus 
formation, and some congestion of lungs and adrenals. The results 
of the tests were consistently as follows : 

The blood defibrinated by means of glass beads elicited tetanus. 

The washed red blood cells, the cellular debris and packed hemo- 
globin crystals suspended in a small amount of 0.85% NaCl solution 
failed to produce the symptoms. 

Laked red blood cells tested before centrifugalization, and the clear 
dark red supernatant fluid obtained after centrifugalization of the 
laked cells, both possessed a considerable amount of tetanus toxin, 
which in sufficient concentration produced acute paralysis and death 
within 48 hours following the subcutaneous injection. 

The plasma containing a certain amount of hemoglobin also had 
the tetanospasmin. Fractionation proved, however, that the major 
portion of the toxin was associated with the dark red portion; a 
small amount capable of producing only local tetanus being present 
in the medium-colored fraction, and none at all found in the colorless 
and slightly colored parts. 

Quantitative studies emphasize the remarkable fact that under the 
above experimental conditions the tetanospasmin concentration of 
the blood is approximately directly proportional to the hemoglobin 
concentration. With doses 20-40 M.L.D. of the toxin injected sub- 

l Parsons, quoted in The Bespiratory Function of the Blood... Part II. Hem- 
oglobin, p. 68, by Joseph Barcroft, Cambridge. University Press, 1928. 
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Summary. Crystalline horse scrum albumen was shown to be 
strongly growth-promoting for tubercle bacilli grown in synthetic 
media. Horse serum globulins were without effect or inhibited 
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Association of Tetanospasmin with Hemoglobin in Acute Stages 
of Tetanus Intoxication of Guinea Pigs. 

Gregory Shwartzman. 

From the Laboratories of The Mount Sinai Hospital, Xew York, X. Y. 


Tlie object of this communication is to report on a new observation 
that tetanus toxin (tetanospasmin) may be found intimately asso- 
ciated with the hemoglobin of guinea pigs during the paralytic 
stages of the disease. A part of an extensive series of experiments 
on this problem is briefly summarized, as follows : 

Guinea pigs weighing each 350 g were injected subcutaneously in 
the abdominal region with tetanus toxin * in doses ranging between 
20 to 40 M.L.D. and bled from the heart during the stages of com- 
plete paralysis and spasmodic contractions (i-c., 24-48 hours follow- 
ing the subcutaneous injection ) . The pooled blood was defibrinated 
by shaking with glass beads ; filtered through several layers of gauze, 
and centrifuged at room temperature for one-half hour. The clear, 
dark red supernatant plasma and the sedimented red blood cells were 
placed in separate containers. 

Washing of red blood cells in 1 % NaCl solution was repeated until 
the supernatant fluid became biuret-negative (usually 4 washings are 
required). The washed cells were diluted 1 :5 in distilled water. 
When fairly complete laking and some crystallization occurred about 
one hour later, the solution was centrifuged for one-half hour also 
at room temperature. This procedure resulted in separation of a 
dense dark red sediment containing masses of hemoglobin crystals; 
a superimposed loose whitish precipitate consisting of cellular debris 
and some hemoglobin crystals; and finally, a clear dark red super- 
natant fluid. 

* Tetanus toxin in powder form obtained from Eli Lilly Eesearcli Laboratories 
(Lilly 27994, 400,000 M.L.D. per g), through the courtesy of Dr. H. M. Powell. 
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Association of Meningococcus and B. typhosus Toxins with 
Hemoglobin in vitro. 

Gregory Shwartzmak. 

From the laboratories of The Mount Sinai Hospital, Hew Tori:, A T - Y. 

Incidental to the observations that a close association exists between 
tetanospasmin and hemoglobin in the blood of guinea pigs suffering 
from tetanus intoxication 1 a series of experiments was carried out on 
combination of hemoglobin with bacterial toxins in vitro. The 
results are briefly presented in this communication. 

The toxins employed were filtrates from the “agar washings” of 
cultures of meningococcus and B. typhosus which were highly 
potent in the elicitation of the phenomenon of local skin reactivity.® 
In this work they were purified by dialysis in cellophane bags No. 600 
against 0.85% NaCl solution for a period of one week. 3 

The hemoglobin preparations were made in the following manner : 
All the work was done under strict precautions of sterility and each 
step controlled for bacterial contamination on aerobic and anaerobic 
media. Rabbit blood obtained from the heart was defibrinated by 
shaking with glass beads, filtered through several layers of gauze and 
centrifuged in order to separate the plasma from the erythrocytes. 
The erythrocytes were promptly washed in 1% NaCl solution by re- 
peated centrifugalization until the washings became biuret-negative 
(from 5-7 washings being required) . The packed red blood cells were 
kept frozen for several hours at -70° C in a mixture of cellosolve and 
dry ice and gradually thawed out in a mixture of ice and alcohol and 
in the refrigerator at 4°C overnight. The cells were diluted in 
distilled water to a hemoglobin concentration of 50-60% as deter- 
mined in the Hellige haemometer. 

Filtration of the solution through a Seitz filter resulted in effective 
removal of cellular debris, as ascertained by examination of spreads 
stained by Wright’s method and hanging-drop preparations. In 
control experiments adjusting the pH to 5.5 by the addition of 
N/10 HCl gave no precipitate in the filtrates. 4 The clear, dark red 

1 Sliwartzman, G., Pp.oc. Soc. Exp. Bioe. axd Med., 1940, 44, 112. 

2 Shwartzman, G., Phenomenon of Local Tissue Reactivity and Its Immuno- 
logical, Pathological and Clinical Significance, Paul B. Hoeber, Xne., Medical Book 
Department of Harper and Brothers, New York, 1937. 

3 Shwartzman, G., Morell, S., and Sobotka, H., J. Erp. Med., 1937, 65, 323. 

4 Jorpes, E., Biochem. J., 1932, 36, 1488. 
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cutaneously per guinea pig, weighing 350 g, each M.L.D. recovered 
from the biood of the intoxicated guinea pigs corresponded to 0.035 
g-0.007 g of hemoglobin in the preparations and fractions tested, 
in volumes ranging between 1 cc-10 cc. The effects of these total 
amounts of hemoglobin were the same, irrespective of the volumes 
used. 

The active blood preparations may be considered predominantly 
oxyhemoglobin. Occasional batches of methemoglobin obtained 
after prolonged storage and reduced hemoglobin were not studied 
in this series. 

Ho symptoms were elicited in test-guinea pigs with blood fractions 
of control guinea pigs receiving no injections and of those injected 
with tetanus toxin heated at S0°C for y 2 hour prior to the injection. 
Also, blood fractions of guinea pigs which received an old inactive 
toxin gave no tetanus. 

In this and the following paper the term “hemoglobin” refers to 
complex substances obtained in solution following laking of washed 
erythrocytes and removal of cellular debris. Hemoglobin is defined, 
therefore, by the biological properties, its chemical relationships being 
disregarded for the moment. The term “association” is merely de- 
scriptive and indicates a combination which may either occur directly 
with the hemoglobin or through the intermediary of some unidenti- 
fied constituent with which the hemoglobin is associated. 

All the data considered together, especially observations on the 
toxic activity of hemoglobin obtained by means of lysis of washed 
red blood cells, indicate clearly that under the experimental condi- 
tions described, a close association exists between hemoglobin and 
tetanospasmin in the blood recovered from guinea pigs during the 
acute stages of the disease. 

Investigations on association of certain viruses with hemoglobin 
are under progress. 
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Association of Meningococcus and B. typhosus Toxins with 
Hemoglobin in vitro. 

Gregory Shwartzman. 

From the Laboratories of The Mount Sinai Hospital, Hew Fork, A. T. 


Incidental to the observations that a dose association exists between 
tetanospasmin and hemoglobin in the blood of guinea pigs suffering 
from tetanus intoxication 1 a series of experiments was carried out on 
combination of hemoglobin with bacterial toxins in vitro. The 
results are briefly presented in this communication. 

The toxins employed were filtrates from the “agar washings” of 
cultures of meningococcus and B. typhosus which were highly 
potent in the elicitation of the phenomenon of local skin reactivity. 2 
In this work they were purified by dialysis in cellophane bags No. 600 
against 0.85% NaCl solution for a period of one week. 3 

The hemoglobin preparations were made in the following manner : 
All the work was done under strict precautions of sterility and each 
step controlled for bacterial contamination on aerobic and anaerobic 
media. Rabbit blood obtained from the heart was defibrinated by 
shaking with glass beads, filtered through several layers of gauze and 
centrifuged in order to separate the plasma from the erythrocytes. 
The erythrocytes were promptly washed in 1% NaCl solution by re- 
peated centrifugalization until the washings became biuret-negative 
(from 5-7 washings being required). The packed red blood cells were 
kept frozen for several hours at -70°C in a mixture of cellosolve and 
dry ice and gradually thawed out in a mixture of ice and alcohol and 
in the refrigerator at 4°C overnight. The cells were diluted in 
distilled water to a hemoglobin concentration of 50-60% as deter- 
mined in the Hellige haemometer. 

Filtration of the solution through a Seitz filter resulted in effective 
removal of cellular debris, as ascertained by examination of spreads 
stained by Wright’s method and hanging-drop preparations. In 
control experiments adjusting the pH to 5.5 by the addition of 
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1 Shwartzman, G., Psoc. Soc. Exp. Biot,, and Med., 1940, 44, 112. 

2 Shwartzman, G., Phenomenon of Local Tissue Reactivity and Its Immuno- 
logical, Pathological and Clinical Significance, Paul B. Hoeber, Inc., Medical Book 
Department of Harper and Brothers, New York, 1937. 

2 Shwartzman, G., Morell, S., and Sobotka, H., J. Esrp. Med., 1937, 63, 323. 

4 Jorpes, E., Biochem. J., 1932, 36, 1488. 
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filtrates were dialyzed at 4°C for a period of several days in cello- 
phane bags No. 600 against distilled water. The water was changed 
daily. The materials removed from the bags were dried in vacuo by 
the methods of Flosdorf and Mudd. They subsequently yielded 
perfect solution on addition of a diluent up to the initial volume, 
i.c.j distilled water, Sorensen phosphate buffer solution of pH 6.8, 
plain broth or blood serum. 

In the experimental work about to be described an amount of 
dry hemoglobin representing a yield of 0.85 g of dissolved hemo- 
globin was mixed with various amounts of undiluted dialyzed toxins 
and also toxins diluted in different diluents or in normal rabbit 
serum. The phenomenon-producing potency of the final concentra- 
tion of toxins per one cc ranged between 50-100 reacting units. The 
mixtures were dried in vacuo in the Flosdorf-Mudd apparatus. One 
or several days later the dry materials were dissolved in distilled 
water in amounts equal to the initial volumes of hemoglobin solu- 
tions or in phosphate buffer of pH 6.8 of the same or greater vol- 
umes. The solutions were then fractionated by the method of 
Parsons. 1 After 7-10 repetitions of alternate freezings at -14°C 
and centrifugalizations at 4 °C until complete thawing, fractions 
widely differing in hemoglobin concentration were obtained. 

The materials were assayed for toxic activity by means of the 
phenomenon of local skin reactivity. In these tests, the rabbits 
were prepared by a single intradermal injection of dialyzed menin- 
gococcus of B. typhosus toxin ( i.c ., the same as used for combination 
with hemoglobin) and 24 hours later injected intravenously with the 
materials tested, one or more groups of 2 rabbits serving for each 
material. The results of the experiments carried out in this manner 
were as follows : 

Rabbit, cow, guinea pig and sheep hemoglobin containing no 
toxin and fractionated by the method of Parsons gave no reactions 
in prepared rabbits. 

Hemoglobin held meningococcus and B. typhosus toxins, the ac- 
tivity being associated with colored fractions and totally absent 
from slightly colored and colorless portions. Quantitatively, toxicity 
was not found in hemoglobin concentrations lower than 0.012 g per 
one cc. The association with the hemoglobin was firm. Elution of 
the toxin could not be obtained either by dilution of the toxin- 
hemoglobin combination in 3-fold larger amounts of the initial 
diluent, or by the use of plain broth, phosphate buffer mixture of 

o Parsons, quoted in The Respiratory Function of the Blood. Part II. Bern v 
oglobin, p. 68, by Joseph Barcroft, Cambridge, University Press, 1928. 
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pH 6.8 and normal horse serum. The same firm association of 
toxin with hemoglobin was obtained when toxin mixed with normal 
horse serum was used for the combination. Further fractionations 
and elutions were done under aerobic conditions. The preparations 
in solution appeared of bright red color of oxyhemoglobin. Occasion- 
ally, dark brown preparations of methemoglobin were encountered. 
They were not studied in this series of experiments. The relation of 
oxidation and reduction to the association described will be embodied 
subsequently in a publication dealing with crystallized hemoglobin 
preparations. 

Thus, it may be concluded from the experiments cited that hemo- 
globin is capable of entering into association with bacterial toxins 
in vitro. The combination appears firm since elution by greater 
dilution in water and by dilution in other diluents, as well as normal 
rabbit serum, is unsuccessful. 

The stable association of toxic agents in vivo and in vitro with 
hemoglobin suggests studies on the effects of disease-producing 
agents upon intimate processes of cellular physiology in which hemo- 
globin and similar respiratory enzymes play an important role. 
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Regeneration of Euplanaria Dorotocephala with Pituitary 
Gland Extract.* 

Theodore T. Blumberg. (Introduced by John A. Kolmer.) 

From the Biological Laboratories, Temple University, Philadelphia. 

The literature presents few examples of effects upon invertebrate 
material by vertebrate hormones. 1 ’ 2 This preliminary paper reports 
the accelerated regeneration in posterior and anterior portions of 
Euplanaria dorotocephala in media of beef pituitary extracts. Wul- 
zen 3 reports the effect of feeding of ox pituitary gland upon the 
growth and fission of Planaria maculata. In the present study there 
was no normal feeding, for the pituitary extracts were introduced 
in solution and the regenerating, transected flatworms decreased in 
size during the experiments. 

* The author wishes to acknowledge indebtedness to Dr. E. J. Larson, Temple 
University, for his kind interest and direction. 

1 Ashbel, Rivka, Nature (London), 1935, 135, 343. 

2 Coldwater, K. B., J. Exp. Zool., 1933, 65, 43. 

3 Wulzen, Rosalind, J. Biol. Chem., 1916, 25, 625. 
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The animals were cut transversely midway between the eyespots 
and proboscis and each part placed in a separate section dish con- 
taining 10 ml of spring water. The total number of regenerating 
pieces in the preliminary" experiments was 112. Of these, 54 were 
retained as controls. Extract of whole beef pituitary" in various 
amounts was added to the spring water in the remaining dishes, 
each containing a regenerating animal. The pituitary" extract was 
prepared as follows : One gram of desiccated whole beef pituitary 
was added to 10 ml of spring water. The mixture was shaken, 
placed in a refrigerator for 24 hours, then centrifuged. The super- 
natant fluid was used as the stock solution. Of this, various amounts 
were added to the dishes containing the experimental pieces. One- 
tenth of one ml of stock solution to 10 ml of spring water was 
found to be optimum. In this concentration, regeneration was most 
rapid. Higher concentrations than this were lethal. Twenty-two 
regenerating animals in media containing the optimum amount of 
pituitary' extract showed complete regeneration in 156 to 180 hours. 
A decrease in total area of about 50% accompanied the regeneration 
of head pieces. Tail pieces showed a reduction of about 30% in 
area when regeneration was complete. One-third of the head pieces 
and one-half of the tail pieces were found to have abnormally large 
proboscides. The controls, 54 in number, required a minimum of 
236 hours for complete regeneration. The reduction in area of the 
controls was less than 5% at the time of complete regeneration; and 
no abnormally' large proboscides were observed among the control 
animals. 

To delimit further the causative factors of the accelerated regen- 
eration in the presence of whole pituitary extract, 2 series of experi- 
ments were carried out. In one of these the experimental pieces 
were placed in media containing anterior lobe extract only. In the 
other series, extract of the posterior lobe alone were used. These 
preparations contained no preservative, t and were employed in dilu- 
tions of 0.01 ml to 1 ml per 10 ml of spring water. The animals 
were transected in the same manner as in the preliminary experi- 
ments. 

With anterior lobe extract, 166 regenerating pieces were used. Of 
these, 42 died before showing any" regeneration. However, among 
the 164 control pieces, 42 died so that the deaths among the experi- 
mental animals cannot be attributed to the media. The average time 
for complete regeneration of the planaria in media containing an- 

t Anterior and posterior extracts supplied by Sharpe & Dohme, Inc., Philadel- 
phia. 
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terior lobe extract was 450 hours whereas the controls required an 
average of 504 hours. The average reduction of area for the 
experimental pieces was 8.5% ; for the control pieces, 5%. 

In the series of experiments with posterior lobe extract 160 re- 
generating pieces were tested. The time for complete regeneration 
for this series averaged 336 hours, an acceleration of 33% over the 
controls There was an average reduction in area of 41 % as com- 
pared with 5% for controls. 

Toward the completion of regeneration the control animals 
divided by fission in 61% of the cases. No fission was observed in 
the experimental animals in either of the series with posterior and 
anterior pituitary extracts. 

Measurements of respiratory activity after regeneration of 52 
hours, in control medium and in concentration of 0.2 ml posterior 
pituitary extract, per 10 ml spring water gave a Qo 2 for the controls 
of 4.54. The Qo 2 for the experimental animals was 5.94. 

These experiments indicate that regeneration is accelerated in the 
presence of pituitary extracts, and especially extracts of the posterior 
lobe. The experimental medium contained 0.17 mg of pituitary 
material per ml for the tests with posterior pituitary. This together 
with the fact that the animals decreased in size eliminates feeding as 
a complicating factor. 

Summary. With extract of desiccated whole beef pituitary gland 
there was a mean increase of 35% in the rate of regeneration of 
bisected planaria ( Euplanaria dorotocephala) with a decrease in 
total area in head pieces of 50% and a decrease of total area in tail 
pieces of 30%, when completely regenerated. Posterior lobe extract 
accelerated regeneration by 33% with a reduction in area of 36% 
over the controls. The acceleration of regeneration with anterior 
extract alone was not as marked as with the whole extract or the 
posterior fraction. There was no reproduction by fission which 
occurred in 61 % of the controls. 
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Evidence for the Local Effect of Mercurial Diuretics.* 

R. Beutner, J. Landay and A. Lieberman, Jr. 

I'rnia the Department of Pharmacology, Hahnemann Medical College and Hospital 

of Philadelphia. 

Previous attempts to demonstrate “tissue diuresis” by “mercurial 
diuretics” failed since the investigated changes of blood colloids or 
salts were unconvincing. This paper describes certain new ob- 
servations which may throw light upon the problem. 

In previous experiments the inhibition of procaine convulsions by 
calcium salts was demonstrated. 1 Organic calcium salts were found 
to be particularly efficient. 3 Since magnesium salts were found to 
prevent the anticonvulsive action of calcium salts it seemed that the 
well known increase of membrane impermeability produced by cal- 
cium salts was the chief factor involved in their action. 

This property of calcium salts is probably related to their diuretic 
action. Consequently, we were led to investigate other diuretics, 
particularly the strong acting mercurial diuretics, such as hydroxy 
mercuri-methoxy-propyl carbamyl phenoxy acetate, commonly 
known as “salyrgan”. Our expectation was fully justified since 
salyrgan exhibited an anticonvulsive effect far exceeding that of any 
calcium salt. The invariably convulsive and oftentimes fatal dose 
of 200 ing/kg of procaine, intramuscularly in guinea pigs, was 
rendered entirely harmless by as little as 20 mg/kg of salyrgan 
simultaneously administered. For comparison, the most effective 
of all the previously tested calcium salts, calcium benzoate, had to be 
given in a dose of 50 mg/kg in order to detoxify 200 mg/kg of 
procaine. 

The detoxifying action of salyrgan might be explained as the 
result of a direct chemical combination with procaine. Various other 
chemically different convulsant drugs were therefore studied, such as 
strychnine, picrotoxin, coramin and metrazol. In every instance 
salyrgan in doses of 10 to 20 mg completely inhibited the action of 

* This investigation has been made with the assistance of a grant from the 
Committee on Therapeutic Research, Council of Pharmacy and Chemistry, Amer- 
ican Medical Association. 

i Beutner, B., and Miley, G. P., Pr oc. Soo. Exp. Biol. and Med., 1938, 38, 279. 

- This work was done in collaboration with H. Wastl and A. Jensen (Ibid., 1939, 
42, 547). See also tlio extensive publication of H. Wastl (Arch. ini. Pharmacodyn., 
1939, 43, fasc. 2) giving quantitative data. 
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a highlv convulsant dose of these drugs. It seems unlikely that 
salyrgan can combine with any or all of these chemically widely dif- 
ferent convulsant drugs. Moreover, various calcium salts such as 
calcium levulinate. were likewise found to inhibit all of these con- 
vulsants. This can hardly be the effect of a direct chemical combina- 
tion. 

The assumption that both salyrgan and calcium salts act primarily 
on the tissues rendering them more impermeable and thus preventing 
convulsions is further supported by the following findings : 

(1) According to our observations no perceptible inhibition of 
convulsions occurs in frogs when salyrgan and strychnine, or another 
convulsant. are injected simultaneously in any lymph sac. Ob- 
viously there is a direct access to the nerve cells in this case, mem- 
brane permeability being of less importance in the loose tissue of 
the frogs. If the convulsions were inhibited by direct chemical 
interaction the inhibition should occur in the frog just as in the 
mammal injected intramuscularly. 

(2) According to recently published experiments by Spiegel and 
Spiegel- Adolf 2 convulsions are accompanied by an increase of the 
electrical conductivity of the brain tissue, pointing to an increased 
cell permeability brought about by the convulsing agent. Since cal- 
cium salts decrease permeability it seems more than likely that this 
decrease is the •very cause of their anticonvulsivc action. The same 
seems to be true for salyrgan. Since the decrease of permeability 
is likely to be associated with a dehydration of the tissue, the diuretic 
action of salyrgan would be explained on the same ground : in other 
words salyrgan should dehydrate tissues. The water thus eliminated 
would be ready for excretion through the kidneys. 

In contrast to this theory of “tissue-diuresis” by salyrgan. the 
well known experiments by Govaerts 4 support the assumption of a 
renal irritation, favoring glomerular filtration and hindering of 
tubular reabsorption, as the cause of salyrgan diuresis. 

\\ ould it be possible to explain the anticonvulsive action of 
salyrgan through its renal diuretic effect which possibly leads to an 
accelerated elimination of the convulsive drug through the kidnev? 
If this were correct salyrgan should also prevent convulsions if 
injected separately prior to procaine, strychnine, etc. Experiments 
showed that such an effect does not occur, or. at any rate the in- 
hibition of convulsions is very slight on separate injection. 

3 Spiegel, E., and Spiegel- Adolf, II.. Pp.oc. Soc. Exp. Biol, amp Med.. 1P39. 
42. S34. 

4 Govaerts, P.. Compt. mid. Soc. He biol. 192$, 99. 047. 
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T]ie xanthin diuretics were also tested for their possible anti- 
convulsive action, but were found not to show any such action. 
Their diuretic effect would, therefore, seem to be of renal origin 
exclusively. Other heavy metal compounds, however, are likewise 
ant ('convulsive, hence “tissue-diuretic". Detailed data are to be 
given later. 

Conclusion. Mercurial diuretics have a potent anticonvulsive 
effect. Study of the details of this effect leads to the conclusion 
that these diuretics increase membrane impermeability, dehydrate 
tissue and thus work as “tissue diuretics," notwithstanding their 
well known renal action. 


11376 P 

Serum Albumin Changes in Hypoprotcinemic Dogs Following 
Administration of Methionine or Phenylalanine. 

K. S. Kemmerer axd G. P. Heir. (Introduced by Warren M. 

Cox. Jr.) 

From tin Mat/} Johnson Laboratories, Evansville, Indiana. 


The observation by Whipple and his coworkers that single amino 
acids and pure chemical substances increase the production of hemo- 
globin 1 and serum protein* raises the question of whether observed 
increases in serum protein after protein feeding are not solely the 
result of chemical stimulation, or mobilization from body stores of 
protein, as distinguished from a new synthesis from the ingested 
protein materials. If so, recorded differences in proteins (when 
concluded from changes in serum protein levels) would be merely 
an expression of a difference in amino acid composition and not 
necessarily express the nutritive value of the proteins for growth or 
maintenance. 

Before such an interpretation can he made, it is essential to have 
additional data; and especially to determine whether single amino 
acids under conditions of low dietary protein, as in the procedure of 
Weech and GoettscIP will effect an increase in serum protein. 

l JiolwlioH-Rol.^T^rsirniKl Wliijiple, G. II., Proc. Roc. Exp. Biol, a.vd 


Med., 1039, -II, 301. 

2 Madden, S. C., Xocliren, W. A.. Waraieli, G. S., and \\ lupine, G. H., J. Exp, 
Med., 1039, 09, 721. 

R WcocJi, A. A., and Goottwli, E., Full. Johns Hopkins Hasp., 193S, 03, lo4. 
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TABLE I. 

Effect of Supplements of Mctliioninc and Phenylalanine on Ilypoalbuminemia 
Induced by a Low Pi olein Diet. 

Plasma albumin in g % Change in 

t , plasma 

End End End Supplement albumin 
3-week 1-week 2-week 1 g daily after 


Dog No. 

Initial 

depletion 

regeneration 

u-g. 

during icg. 

l-wk rcg. 

31 

3.52 

2.92 

2.50 

— 

Phenylalanine 

—.42 

32 

3.37 

2.51 

2.13 

— 


—.38 

21 

3.59 

2.70 

2.51 

2.40 

> > 

— .25 

39 

3.41 

o 70 

2.54 

2.4S 

1 1 

— .18 

28* 

2.70 

2^03 

1.90 

— 

» f 

— .07 

3G 

3.08 

2.48 

2.45 

2.28 

y y 

—.03 

29* 

2.79 

1.28 

1.42 — 

Potency value - 

i y 

— 0.02 rt 0.031 

+.14 

29 

2.03 

2.10 

2.19 

2.19 

MetUiomm* 

+.03 

33 

3.52 

2 .GG 

2.74 

2.53 

y i 

+ .08 

n 

3.50 

2.42 

2.51 

2.53 

> y 

+.09 

28 

3.35 

2.GI 

2 72 

2,99 

j f 

+.31 

9 

3.44 

2.27 

2.45 

2.39 

1 1 

+ .18 

o# 

3.40 

2.27 

2.55 

— 

y i 

+.28 

9* 

2.03 

1.79 

2.12 

Potent- 

_____ > » 

v \nlue 0.307 ± 0.028 

+.33 


•Indicates observations made Sept.-Oct., 1039; all others, Dec.-Jnn., ’39- '40. 

Fourteen dogs were used for the study and the above procedure 3 
followed in all details. Total protein, albumin and non-protein 
nitrogen were run on the plasma from blood taken at the beginning 
and end of 3-week depletion on the low protein diet, and after one 
week regeneration. A few observations were made after 2 weeks’ 
regeneration. Supplement consisted of 1 g dl-methionine* or 1 g 
dl-phenyiaianine* added daily to the 53 g per kilo of the basal diet. 
Table I gives the summarized findings, 

1 he 7 dogs fed 1 g methionine showed an average increase in 
serum albumin of 0.157 g If the Wcech and Goettsch figure of 
0.15 fto compensate for the fall in albumin that would have been 
observed during the 4th week if the supplement had not been fed) 
is added, the potency value of methionine becomes 0.307 ± 0.028. 
Phenylalanine resulted in an average drop of -0.17 g % ; to which 
is added 0.15 for a potency value of -0.02 iz 0.051. Studies in this 
laboratory would assign a potency value of 0.476' 1 to casein. Thus, 
1 g methionine under the conditions of the experiment resulted in 
almost as much increase in scrum albumin as did casein, while 
phenylalanine was not at all effective. 

• Purchased from Eastman Kodak Company; amino nitrogen (van Slykc) 
content of methionine 9. 37% or 99.8% of theoretical; of phenylalanine 8.52% 
or 100.4% of theoretical. 

4 Mueller, A. J., Kcmmeicr, K. S., Cov, W. M., ,Tr., and Barnes, S. T., 3. JSioX. 
Chrm., in press. 
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Tlic xanthin diuretics were also tested for their possible anti- 
corn ulsive action, hut were found not to show any such action. 
Their diuretic effect would, therefore, seem to be of renal origin 
exclusively. Other heavy metal compounds, however, are likewise 
anticonvulsive, hence “tissue-diuretic”. Detailed data are to be 
given later. 

Conclusion. Mercurial diuretics have a potent anticonvulsive 
effect. Study of the details of this effect leads to the conclusion 
that these diuretics increase membrane impermeability, dehydrate 
tissue and thus work as “tissue diuretics,” notwithstanding their 
well known renal action. 


11376 P 

Serum Albumin Changes in Hypoproteinemic Dogs Following 
Administration of Methionine or Phenylalanine. 


K. S. Kemmerek and G. P. Heil. (Introduced by Warren AI. 

Cox. Jr.) 

Emm the Maul Johnson laboratories, Evansville, Imliana. 


The observation by Whipple and his coworkers that single amino 
acids and pure chemical substances increase the production of hemo- 
globin 1 and serum protein" raises the question of whether observed 
increases in serum protein after protein feeding are not solely the 
result of chemical stimulation, or mobilization from bod) - stores of 
protein, as distinguished from a new synthesis from the ingested 
protein materials. If so, recorded differences in proteins (when 
concluded from changes in serum protein levels) would be merely 
an expression of a difference in amino acid composition and not 
necessarily express the nutritive value of the proteins for growth or 
maintenance. 

Before such an interpretation can be made, it is essential to have 
additional data: and especially to determine whether single amino 
acids under conditions of low dietary protein, as in the procedure of 
Weecli and Goettsch 3 will effect an increase in serum protein. 

1 Itobsclieit-Rolibins, F. S-, and Whipple, G. IL, PkOC. Soc. Exp. Biol, and 


.Med., 1939, 41,301. 

- Madden, S. C., Xoeliren, W. A., Waraich, G. S., and Wilipple, G. IL, J. Exp. 
Mai, 1939, CO, 721. 

3 Weecli, A. A., and Goettsch, E., Bull. Johns Hopkins Hasp., 1938, 63, lo4. 
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TABLE I. 

Effect of Supplements of Methionine and Phenylalanine on Hypoalbuminemia 
Induced by a Low Protein Diet. 


Dog Xo. 

Plasma albumin in g % 


Supplement 

1 g daily 
during reg. 

Change in 
plasma 
albumin 
after 
1-nk reg. 

Initial 

End End End 

3 -week 1-tvcek 2-rveek 

depletion regeneration reg. 

31 

3.52 

2.92 

2.50 

— 

Pheuvlalanine 

—.42 

32 

3.37 

2.51 

2.13 

— 

> T 

— ,3S 

21 

3.59 

2.76 

2.31 

2.46 

j y 

—.23 

39 

3.41 

2.72 

2.54 

2.4S 

f r 

—.18 

28* 

2.70 

2.03 

1.96 

— 

7 7 

—.07 

30 

3.08 

2.4S 

2.43 

2.28 

y y 

—.03 

29* 

2.79 

1.28 

1.42 

— 

f > 

+ .14 




Potency value • 

—0.02 ± 0.051 


29 

2.63 

2.10 

2.19 

2.19 

Methionine 

+.03 

35 

3.52 

2.66 

2.74 

2.53 

7 9 

+.08 

2 

3.50 

2.42 

2.51 

2.33 

1 ) 

+.09 

2S 

3.35 

2.61 

2.72 

2.99 

» J 

+.11 

9 

3.44 

2.27 

2.45 

2.39 

9 y 

+ .18 

O* 

3.40 

2.27 

2.53 

— 

t » 

+.28 

9* 

2.03 

1.79 

2.12 

— 

t y 

+.33 




Potency \alue 0.307 ± 0.02S 



‘Indicates observations made Sept.-Oct., 1939 : all others, Dec.-Jnn., ’39- ’40. 


Fourteen dogs were used for the study and the above procedure 3 
followed in all details. Total protein, albumin and non-protein 
nitrogen were run on the plasma from blood taken at the beginning 
and end of 3-week depletion on the low protein diet, and after one 
week regeneration. A few observations were made after 2 weeks' 
regeneration. Supplement consisted of 1 g dl-methionine* or 1 g 
di-phenylalanine* added daily to the 53 g per kilo of the basal diet. 
Table I gives the summarized findings. 

The 7 dogs fed 1 g methionine showed an average increase in 
serum albumin of 0.157 g %. If the Weech and Goettsch figure of 
0.15 (to compensate for the fall in albumin that would have been 
observed during the 4th week if the supplement had not been fed) 
is added, the potency value of methionine becomes 0.307 rfc 0.028. 
Phenylalanine resulted in an average drop of -0.17 g % ; to which 
is added 0.15 for a potency value of —0.02 rfc 0.051. Studies in this 
laboratory would assign a potency value of 0.476 4 to casein. Thus, 
1 g methionine under the conditions of the experiment resulted in 
almost as much increase in serum albumin as did casein, while 
phenylalanine was not at all effective. 

* Purchased from Eastman Kodak Company; amino nitrogen (van Slyke) 
content of methionine 9.37 % or 99.8% of theoretical; of phenylalanine S.52% 
or 100.4% of theoretical. 

4 Alneller, A. J., Kemmerer, K. S., Cox. W. M., Jr., and Barnes, S. T., J. Biol. 
Chem., in press. 
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The xan thin diuretics were also tested for their possible anti- 
convulsive action, but were found not to show any such action. 
Their diuretic effect would, therefore, seem to be of renal origin 
exclusively. Other heavy metal compounds, however, are likewise 
anticonvulsivc, hence “tissue-diuretic”. Detailed data are to be 
given later. 

Conclusion. Mercurial diuretics have a potent anticonvulsive 
effect. Study of the details of this effect leads to the conclusion 
that these diuretics increase membrane impermeability, dehydrate 
tissue and thus work as “tissue diuretics,” notwithstanding their 
well known renal action. 


11376 P 

Serum Albumin Changes in Hypoproteinemic Dogs Following 
Administration of Methionine or Phenylalanine. 

Iv. S. Kemmerek and G. P. ITeil. (Introduced by Warren M. 

Cos. Jr.) 

l'rnm the Mend Johnson Laboratories, Evansville, Indiana. 


The observation by Whipple and his coworkers that single amino 
acids and pure chemical substances increase the production of hemo- 
globin* and serum protein* raises the question of whether observed 
increases in serum protein after protein feeding are not solely the 
result of chemical stimulation, or mobilization from body stores of 
protein, as distinguished from a new synthesis from the ingested 
protein materials. If so. recorded differences in proteins (when 
concluded from changes in serum protein levels) would be merely 
an expression of a difference in amino acid composition and not 
necessarily express the nutritive value of the proteins for growth or 
maintenance. 

Before such an interpretation can be made, it is essential to have 
additional data: and especially to determine whether single amino 
acids under conditions of low dietary protein, as in the procedure of 
Weech and Gocttsclff will effect an increase in serum protein. 

i Robseheit-Bohbins, F. S., and Whipple, G. H„ Pnor. Soc. Exp. Biol, and 


Mf.d., 1939, 41 , 301. 

- Madden, S. C., Xoeliren, W. A., Waraieh, G. S., and V Iiipple, G. H., J. Exp. 
Med., 1939, 00, 721. 

3 Weecli, A. A., and Goettsch, E., Lull. Johns Hopkins Hosp., 193S, 63, lo4. 
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TABLE I. 


Effect of Supplements of Methionine and Phenylalanine on SrpoaJbatninemia 
Induced by a Low Protein Diet. 


Plasma albumin in g % 



Change in 

f— - ' “ ' " ' • 

■ s 


plasma 

End End 

End 

Supplement 

albumin 

3-week 1-wcek 

2-week 

1 g dailv 

after 

Dog A'o. Initial depletion regeneration 

reg. 

during r eg. 

1-wir reg. 


31 

3.52 

OpO 

2.30 

— 

Phenylalanine 

—.42 

32 

3.37 

2.51 

2.13 

- — 

7 7 

—.38 

21 

3.59 

2.T0 

2,51 

2.46 

y t 

—.25 

39 

3-41 

2.72 

2.54 

2.4S 

i » 

—.IS 

28* 

2.70 

2.03 

1.90 

- 

y y 

—.07 

30 

3. OS 

2.4S 

2.45 

2.2S 

y f 

—.03 

29* 

2.79 

X.2S 

1.42 — ” 

Potency value — 0.02 ± 0.051 

+ .24 

29 

2,63 

2.16 

2.19 

2.19 

Methionine 

+.03 

So 

3.52 

2.66 

2.74 

2.53 

1 1 

+ .0S 

2 

3.50 

2.42 

2.51 

2.53 

’ > 

+ .09 

28 

3.3o 

2.61 

2 72 

2.99 

y t 

+.11 

9 

3.44 

2.27 

2.45 

2.39 

y y 

+.18 

O* 

3.40 

2.27 

2.55 

* 

» i 

+.2S 

9* 

2.03 

1.79 

2.12 * ,r 

Potency value 0.307 zt 0,02S 

+.33 


'Indicates observations made Sept.-Oct., 1939; all others, Dec. -Jan., ’39- ’40. 


Fourteen dogs were used for the study and the above procedure 3 
followed in all details. Total protein, albumin and non-protein 
nitrogen were run on the plasma from blood taken at the beginning 
and end of 3-week depletion on the low protein diet, and after one 
week regeneration. A few observations were made after 2 weeks’ 
regeneration. Supplement consisted of 1 g di-methionine* or 1 g 
dl-phenylalanine* added daily to the 53 g per kilo of the basal diet. 
Table 1 gives the summarized findings. 

The 7 dogs fed 1 g methionine showed an average increase in 
serum albumin of 0.157 g %. If the W eech and Goettsch figure of 
0.1a fto compensate for the fall in albumin that would have been 
observed during the 4th week if the supplement had not been fed) 
is added, the potency value of methionine becomes 0.307 dt 0.028. 
Phenylalanine resulted in an average drop of -0.17 g %<; to which 
is added 0.15 for a potency value of —0.02 7fc 0.051. Studies in this 
laboratory would assign a potency value of 0.476 4 to casein. Thus, 
1 g methionine under the conditions of the experiment resulted in 
almost as much increase in serum albumin as did casein, while 
phenylalanine was not at all effective. 

Purchased from Eastman Kodak Company; amino nitrogen (van Siyke) 
content of methionine 9.37% or 99.8% of theoretical; of phenylalanine S.52% 
or 100.4% of theoretical. 

* Mueller, A. 3., Kemmcrer, K. S., Cox. W. M., Jr., and Barnes, S. T., ,7. Biol. 
Chew., in press. 
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The xanthin diuretics were also tested for their possible anti- 
convulsive action, but were found not to show any such action. 
Their diuretic effect would, therefore, seem to he of renal origin 
exclusively. Other heavy metal compounds, however, are likewise 
anticonvulsive, hence "tissue-diuretic”. Detailed data are to be 
given later. 

Conclusion. Mercurial diuretics have a potent anticonvulsive 
effect. Study of the details of this effect leads to the conclusion 
that these diuretics increase membrane impermeability, dehydrate 
tissue and thus work as “tissue diuretics,” notwithstanding their 
well known renal action. 


11376 P 

Serum Albumin Changes in Hypoproteinemic Dogs Following 
Administration of Methionine or Phenylalanine. 


K. S. Kemmeker and G. P. Heil. (Introduced by Warren M. 

Cox, Jr.) 

From the Maul Johnson laboratories. Evansville, Indiana. 


The observation by Whipple and his coworkers that single amino 
acids and pure chemical substances increase the production of hemo- 
globin 1 and serum protein* raises the question of whether observed 
increases in serum protein afteT protein feeding are not solely the 
result of chemical stimulation, or mobilization from body stores of 
protein, as distinguished from a new synthesis from the ingested 
protein materials. If so. recorded differences in proteins (when 
concluded from changes in serum protein levels) would be merely 
an expression of a difference in amino acid composition and not 
necessarily express the nutritive value of the proteins for growth or 
maintenance. 

Before such an interpretation can be made, it is essential to have 
additional data: and especially to determine whether single amino 
acids under conditions of low dietary protein, as in the procedure of 
Weech and Goettsclr will effect an increase in serum protein. 

i Itobsehcit-Rohbins, F. S., anil Whipple, G. II., PrOC. Soc. Exp. Biol, axd 


Mf.d., 1939, 41, 3G1. 

2 Madden, S. C., Noeliren, W. A.. Waraieh, G. S., anil Whipple, G. H„ J. Exp. 
Med 1939, 09, 721. 

a Weech, A. A., and Goettseh, E., Bull. Johns Bopkins Hasp., 193S, 63, 154. 
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TABLE I. 

Effect of Supplements of Methionine and Phenylalanine on Hypoalbuminemia 
Induced by a Low Protein Diet. 

Plasma albumin in g %> Change in 

r , plasma 

End End End Supplement albumin 
3-ueek 1-week 2-neck lg daily after 


Dog No. 

Initial 

depletion 

regeneration 

reg. 

during reg. 

1-vvk reg. 

31 

3.52 

2 92 

2.50 

— 

Phenylalanine 

—.42 

32 

3.37 

2.51 

2.13 

— 

' ft 

—.38 

21 

3.59 

2.76 

2.51 

2.4G 

i » 

—.25 

39 

3.41 

2.72 

2.54 

2.48 

1 1 

—.IS 

2S* 

2.76 

2.03 

1.96 

— 

7 7 

—.07 

36 

3.0S 

2.4S 

2.43 

2.28 

7 7 

—.03 

29' 

2.79 

1.2S 

1.42 — 

Potency value 

7 7 

—0.02 ± 0.031 

-p. 14 

29 

2.G3 

2.16 

2.19 

2.19 

Methionine 

+.03 

35 

3.52 

2.66 

2.74 

2.33 

y i 

+.08 

2 

3.50 

2 4° 

2.51 

2.53 

7 7 

+.09 

28 

3.35 

2.61 

2.72 

2.99 

7 1 

+.11 

9 

3.44 

2.27 

2.45 

2.39 

1 ' 

+ .18 

o* 

3.40 

2.27 

2.33 

— 

t r 

+.28 

9' 

2.63 

1.79 

2.12 

— 

7 7 

+.33 


Potency value 0.307 ± 0.028 


'Indicates observations made Sept.-Oct.. 1939; all others, Dec.-Jan., ’39- ’40. 

Fourteen dogs were used for the study and the above procedure 3 
followed in all details. Total protein, albumin and non-protein 
nitrogen were run on the plasma front blood taken at the beginning 
and end of 3-week depletion on the low protein diet, and after one 
week regeneration. A few observations were made after 2 weeks’ 
regeneration. Supplement consisted of 1 g dl-methionine* or 1 g 
dl-phenyialanine* added daily to the 33 g per kilo of the basal diet. 
Table I gives the summarized findings. 

The 7 dogs fed 1 g methionine showed an average increase in 
serum albumin of 0.157 g %. If the Weech and Goettsch figure of 
0.15 (to compensate for the fall in albumin that would have been 
observed during the 4th week if the supplement had not been fed) 
is added, the potency value of methionine becomes 0.307 ±; 0.028. 
Phenylalanine resulted in an average drop of -0.17 g % ; to which 
is added 0.15 for a potency value of -0.02 ± 0.051. Studies in this 
laboratory would assign a potency value of 0.476 4 to casein. Thus, 
1 g methionine under the conditions of the experiment resulted in 
almost as much increase in serum albumin as did casein, while 
phenylalanine was not at all effective. 

Purchased from Eastman Kodak Company; amino nitrogen (van Slyke) 
content of methionine 9.37% or 99.8% of theoretical; of phenylalanine 8.52% 
or 100.4% of theoretical. 

•* Mueller, A. J., Kemmerer, K. S., Cox. W. M., J r ., and Barnes, S. T., J. Biol 
Chem., in press. 
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The xanthin diuretics were also tested for their possible anti- 
convulsive action, but were found not to show any such action. 
Their diuretic effect would, therefore, seem to be of renal origin 
exclusively. Other heavy metal compounds, however, are likewise 
anticonvulsive, hence “tissue-diuretic”. Detailed data are to he 
given later. 

Conclusion. Mercurial diuretics have a potent anticonvulsive 
effect. Study of the details of this effect leads to the conclusion 
that these diuretics increase membrane impermeability, dehydrate 
tissue and thus work as “tissue diuretics,” notwithstanding their 
well known renal action. 


11376 P 

Serum Albumin Changes in Hypoproteincmic Dogs Following 
Administration of Methionine or Phenylalanine. 

K. S. Kemmerer and G. P. Heir. (Introduced by Warren M. 

Cox. Jr.) 

From the Mend Johnson I.abora lories, Evansville, Indiana. 


The observation by Whipple and his coworkers that single amino 
acids and pure chemical substances increase the production of hemo- 
globin 1 and serum protein 2 raises (lie question of whether observed 
increases in serum protein after protein feeding are not solely the 
result of chemical stimulation, or mobilization from body stores of 
protein, as distinguished from a new synthesis from the ingested 
protein materials. If so, recorded differences in proteins (when 
concluded from changes in serum protein levels) would be merely 
an expression of a difference in amino acid composition and not 
necessarily express the nutritive value of the proteins for growth or 
maintenance. 

Before such an interpretation can be made, it is essential to have 
additional data ; and especially to determine whether single amino 
acids under conditions of low dietary protein, as in the procedure of 
Weech and Goettsch 3 will effect an increase in serum protein. 

i Robschcit-Robbins, F. P., and Whipple, G. II., Pnoo. Soc. Exp. Biol, axd 


Med., 1930, 41, 361. „ „ , „ 

a Madden, S. C., Xoeliren, W. A., Waraieli, G. S., and Whipple, G. H., J. Exp. 


Med, 1939, 09, 721. 

3 Weech, A. A., and Goettsch, E., 


Dull. Johns Hopkins JEosp., 193S, 03, 154. 
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TABLE I. 

Effect of Supplements of Methionine and Phenylalanine on Hypoalbuminemia 
Induced by a Low Protein Diet. 

Plasma albumin in g % Change in 

r — ' plasma 


End End End Supplement albumin 
3-week 1-week 2-week 1 g daily after 


Dog No. 

Initial 

depletion 

regeneration 

reg. 

during reg. 

1-wk reg. 

31 

3.52 

2.92 

2.50 

— 

Phenylalanine 

—.42 

32 

3.37 

2.51 

2.13 

— 

* y y 

— 38 

21 

3.59 

2.76 

2.51 

2.40 


—.25 

39 

3.41 

2.7° 

2.54 

2.48 

■n 

—.18 

28* 

2.76 

2.03 

1.90 

— 

» t 

—.07 

30 

3.08 

2.4S 

2.43 

2.28 

i ? 

—.03 

29* 

2.79 

1.28 

1.42 

— 

7 7 

+ .14 




Potenev 

• value 

— 0.02 ± 0.051 


29 

2.03 

2.10 

2.19 

2.19 

Methionine 

+ .03 

35 

3.52 

2.06 

2.74 

2.53 

7 7 

+.08 

2 

3.50 

2.42 

2.51 

2.53 

7 7 

+ .09 

28 

3.35 

2.01 

2.72 

2.99 

) 1 

+ .11 

9 

3.44 

2.27 

2.45 

2.39 

7 7 

+.18 

2* 

3.40 

2.27 

2.55 

— 

7 1 

+.28 

9* 

2.03 

1.79 

2,12 

— 

7 7 

+.33 


Potency value 0.307 ± 0.02S 

‘Indicates observations made Sept.-Oet., 1039; all others, Dec.- Jan., ’39- ’40, 

Fourteen dogs were used for the study and the above procedure 3 
followed in all details. Total protein, albumin and non-protein 
nitrogen were run on the plasma from blood taken at the beginning 
and end of 3-week depletion on the low protein diet, and after one 
week regeneration. A few observations were made after 2 weeks’ 
regeneration. Supplement consisted of 1 g di-methionine* or 1 g 
di-phenylalanine* added daily to the 53 g per kilo of the basal diet. 
Table I gives the summarized findings. 

The 7 dogs fed 1 g methionine showed an average increase in 
serum albumin of 0.157 g %. If the Weech and Goettsch figure of 
0.15 (to compensate for the fall in albumin that would have been 
observed during the 4tb week if the supplement had not been fed) 
is added, the potency value of methionine becomes 0.307 ± 0.028. 
Phenylalanine resulted in an average drop of -0.17 g % ; to which 
is added 0.15 for a potency value of -0.02 rb 0.051. Studies in this 
laboratory would assign a potency value of 0.476 4 to casein. Thus, 
1 g methionine under the conditions of the experiment resulted in 
almost as much increase in serum albumin as did casein, while 
phenylalanine was not at all effective. 

* Purchased from Eastman Kodak Company; amino nitrogen (van Slyke) 
content of methionine 9.37% or 99.8% of theoretical; of phenylalanine 8.52% 
or 100.4% of theoretical. 

4 Mueller, A. J., Kemmerer, K. S., Cox. IV. M., Jr., and Barnes, S. T., J. BioL 
Chem. f in press. 
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The xanthin diuretics were also tested for their possible anti- 
convulsive action, hut were found not to show any such action. 
Their diuretic effect would, therefore, seem to he of renal origin 
exclusively. Other heavy metal compounds, however, are likewise 
anticonvulsive, hence “tissue-diuretic”. Detailed data are to be 
given later. 

Conclusion. Mercurial diuretics have a potent anticonvulsive 
effect. Study of the details of this effect leads to the conclusion 
that these diuretics increase membrane impermeability, dehydrate 
tissue and thus work as “tissue diuretics,” notwithstanding their 
well known renal action. 


11376 P 

Seruni Albumin Changes in Hypoprotcincmic Dogs Following 
Administration of Methionine or Phenylalanine. 

K. S. Kemmerer and G. P. Hem.. (Introduced by Warren M. 

Cox, Jr.) 

Front the Mtad Johnson laboratories, Jhan&viUc, Indiana. 

The observation by Whipple and his coworkers that single amino 
acids and pure chemical substances increase the production of hemo- 
globin 1 and serum protein* raises the question of whether observed 
increases in serum protein after protein feeding are not solely the 
result of chemical stimulation, or mobilization from body stores of 
protein, as distinguished from a new synthesis from the ingested 
protein materials. If so, recorded differences in proteins (when 
concluded from changes in serum protein levels) would be merely 
an expression of a difference in amino acid composition and not 
necessarily express the nutritive value of the proteins for growth or 
maintenance. 

Before such an interpretation can be made, it is essential to ha'C 
additional data : and especially to determine whether single annno 
acids under conditions of low dietary protein, as in the procedure o 
Weech and Goettsch -1 will effect an increase in se rum protein. 

l Hohseheit-Hohlnns, F. S., and Whipple, G. II., Pitot’. Soi\ Kxr. Biot- 
Mfj>., 1939, 41, 3(51. 

3 Madden, S. C., Nnelnen, W. A., Wnraieli, G. S., and Whipple, G. H-, '' 

Med., 1030, 00, 721. 

3 Weech, A. A., nml Goettseli, E.. Tlttil. .Johns Ilaplin* 103S, C3, • 
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TABLE I. 

Effect of Supplements of Methionine and Phenylalanine on Hvpoalbuminemia 
Induced by a Lon Protein Piet. 

Plasma albumin in g % Change in 

r , plasma 


End End End Supplement albumin 
3-neek l-week 2-ueek 1 g daily after 


Dog No. 

Initial 

depletion regeneration 

leg. 

during leg. 

l-rvk reg. 

31 

3.52 

2.92 

2.50 

— 

Phenylalanine 

—.42 

32 

3.37 

2.51 

2.13 

— 

> > 

—.38 

21 

3.59 

2.70 

2.51 

2.40 

> > 

—.23 

39 

3.41 

2.7° 

2.54 

2.4S 

f y 

—.18 

28* 

2.70 

2.03 

1.90 

— 

> f 

—.07 

3G 

3. OS 

2.48 

2.45 

2.28 

y > 

—.03 

29* 

2.79 

1.2S 

1.42 

Potency 

• value 

1 f 

—0.02 Hh 0.031 

+ .14 

29 

2.03 

2.10 

2.19 

2.19 

Methionine 

+.03 

35 

3.52 

2.00 

2.74 

2.53 

j y 

+ .08 

0 

3.50 

2.42 

2.51 

2.53 

y i 

+.09 

2S 

3.33 

2.01 

2.72 

2.99 

» y 

+.n 

9 

3.44 

2.27 

2.45 

2.39 

y y 

+ .18 

o# 

3.40 

2.27 

2.55 

— 

y * 

+.28 

9* 

2.63 

1.79 

2.12 y ' 

Potency \alue 0.307 ± 0.028 

+.33 


"Indicates observations made Sept.-Oet., 1939; all otheis, Dee.-Jan,, ’39- ’40. 


Fourteen clogs were used for the study and the above procedure 3 
followed in all details. Total protein, albumin and non-protein 
nitrogen were run on the plasma from blood taken at the beginning 
and end of 3-week depletion on the low protein diet, and after one 
week regeneration. A few observations were made after 2 weeks’ 
regeneration. Supplement consisted of 1 g ell-methionine’*' or 1 g 
dl-phenylalanine* added daily to the 53 g per kilo of the basal diet. 
Table I gives the summarized findings. 

The 7 dogs fed 1 g methionine showed an average increase in 
serum albumin of 0.157 g %. If the Weech and Goettsch figure of 
0.15 (to compensate for the fall in albumin that would have been 
observed during the 4th week if the supplement had not been fed) 
is added, the potency value of methionine becomes 0.307 rfa 0.028. 
Phenylalanine resulted in an average drop of -0.17 g °fo ; to which 
is added 0.15 for a potency value of -0.02 rfc 0.051. Studies in this 
laboratory would assign a potency value of 0.476 4 to casein. Thus, 
1 g methionine under the conditions of the experiment resulted in 
almost as much increase in serum albumin as did casein, while 
phenylalanine was not at all effective. 

"Purchased fiom Eastman Kodak Company; amino nitrogen (van Slyke) 
content of methionine 9.37 % or 99.8% of theoretical; of phenylalanine 3.52% 
or 100.4% of theoietical. 

4 Mueller, A. J., Kemmeier, K. S., Cox, W. M., Jr., and Barnes, S. T., J. Biol. 
Cliem., in press. 
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The xanthin diuretics were also tested for their possible anti- 
convulsive action, but were found not to show any sucli action 
Their diuretic effect would, therefore, seem to he of renal origin 
exclusively. Other heavy metal compounds, however, are likewise 
anticonvulsive, hence “tissue-diuretic”. Detailed data are to be 
given later. 

Conclusion. Mercurial diuretics have a potent anticoin tilsiie 
effect. Stud} of the details of this effect leads to the conclusion 
that these diuretics increase membrane impermeabilit} , cleln drate 
tissue and thus work as "tissue diuretics,” notwithstanding their 
well known renal action. 


11376 P 

Serum Albumin Changes in Hypoproteinemic Dogs Following 
Administration of Methionine or Phenylalanine. 

K S. Kr.MMnnrn \m> (] P llr.n.. (Introduced by Warren M. 

Cox, jr. ) 

I'rom tlu Maul Julnunii I.nhnmlonci, Fiamalli , Iniltana. 


1 he observation In W’lupple and his coworkers that single ami 110 
acids and pure chemical substances increase the production of nemo* 
globin' and strum protein* raises the question of whether observe 
increases in serum protein after protein feeding are not sold} the 
result of chemical stimulation, or mobilization from body store- o 
protein, as distinguished from a new sy ntlicsis from the inge-te 
protein materials If so, recorded differences in proteins ("hen 
concluded from changes m serum protein levels) would be mere.' 
ail expression of a difference in amino acid composition and t 10 
necessarily express the nutritive value of the proteins for growl i ° r 
maintenance* 

Before «ucli ail interpretation can be made, it is essential to > a ' 
additional data: and especialh to determine whether single amine 
acids under conditions of low dietary protein, as in the procedure 
Weech and Goett«ch 3 will effect an inciease in serum prot ein 

1 Roles. lint Robbins, 1\ s , WlnppU, G II., l’KOC. Poc I5l0t ' 

Mfd, 1039, -It, 301. m 

- Jfjulrlen, S C, N’im liren, W A W.ir.udi, G. R, .mil WInppli*, 0 I • * 

Mol , in.io, on, 721. 54 

•1 Weodi, A A , nml Goettsih, It, Hull John s- //opt ins //i"/ 1 , > ’ 
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TABLE I. 

Effect of Supplements of Methionine and Phenylalanine on Hypoalbuminemia 
Induced by a Low Protein Diet. 


Dog No. 

r" 

Initial 

Plasma albumin in g % 

End End End ' 

3-week 1-week 2-iveek 

depletion regeneration reg. 

Supplement 

1 g daily 
during reg. 

Change in 
plasma 
albumin 
after 

1-wk reg. 

31 

3.52 

2.92 

2.30 

— 

Plienvlalanine 

—.42 

32 

3.37 

2.51 

2.13 

— 

y y 

—.38 

21 

3.59 

2.76 

2.51 

2.46 

> y 

—.23 

39 

3.41 

o 

2.54 

2.4 S 

y y 

—.18 

2S* 

2.7C 

2.03 

1.96 

— 

y y 

—.07 

36 

3.0S 

2.4S 

2.43 

2.28 

y y 

—.03 

29* 

2.79 

1.28 

1.42 

Potenci 

} y 

■ value — 0.02 i 0.051 

+ .14 

29 

2.63 

2.16 

2.19 

2.19 

Methionine 

+.03 

35 

3.52 

2.66 

2.74 

2.33 

y y 

+ .0S 

o 

3.50 

2 42 

2.51 

2.33 

y i 

+.09 

28 

3.35 

2.61 

2.72 

2.99 

t t 

+ .11 

9 

3.44 

2.27 

2.45 

2.39 

7 7 

+ .18 

O# 

3.40 

2.27 

2.55 

— 

y » 

+ .28 

9* 

2.63 

1.79 

2.12 

Potene 

y y 

y value 0.307 ± 0.028 

+.33 


"Indicates observations made Sept.-Oet., 1939; all others, Dec. -Jan., ’39- ’40. 


Fourteen dogs were used for the study and the above procedure 3 
followed in all details. Total protein, albumin and non-protein 
nitrogen were run on the plasma from blood taken at the beginning 
and end of 3-week depletion on the low protein diet, and after one 
week regeneration. A few observations were made after 2 weeks’ 
regeneration. Supplement consisted of 1 g dl-methionine* or 1 g 
di-phenylalanine* added daily to the 53 g per kilo of the basal diet. 
Table I gives the summarized findings. 

The 7 dogs fed 1 g methionine showed an average increase in 
serum albumin of 0.157 g %. If the Weech and Goettsch figure of 
0.15 (to compensate for the fall in albumin that would have been 
observed during the 4th week if the supplement had not been fed) 
is added, the potency value of methionine becomes 0.307 ± 0.02S. 
Phenylalanine resulted in an average drop of -0.17 g °fo ; to which 
is added 0.15 for a potency value of -0.02 ± 0.051. Studies in this 
laboratory would assign a potency value of 0.476' 1 to casein. Thus, 
1 g methionine under the conditions of the experiment resulted in 
almost as much increase in serum albumin as did casein, while 
phenylalanine was not at all effective. 

* Purchased from Eastman Kodak Company; amino nitrogen (van Slyke) 
content of methionine 9.37% or 99.8% of theoretical; of phenylalanine 8.52% 
or 100.4% of theoretical. 

* Mueller, A. J., Kemmerer, K. S., Cos. W. M., Jr., and Barnes, S. T., J. Biol. 
Client., in press. 
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The xanlhin diuretics were also tested for their possible anti- 
convulsive action, hut were found not to show any such action. 
Their diuretic effect would, therefore, seem to he of renal origin 
exclusively. Other heavy metal compounds, however, are likewise 
anticonvulsive, hence "tissue-diuretic”. Detailed data are to be 
given later. 

Conclusion. Mercurial diuretics have a potent anticonvulsive 
effect. Study of the details of this effect leads to the conclusion 
that these diuretics increase membrane impermeability, dehydrate 
tissue and thus work ns “tissue diuretics,” notwithstanding their 
well known renal action. 


11376 P 

Serum Albumin Changes in Hypoproteincmic Dogs Following 
Administration of Methionine or Phenylalanine. 


K. S. Kem.mkkek and G. P. Hf.il. (Introduced by Warren M. 

Cox, Jr.) 

From tin Maul Johnson Ltibnratorit *.<, Evansville, Iiuhatut* 


The observation by Whipple and his coworkers that single amino 
acids and pure chemical substances increase the production of hemo- 
globin 1 and serum protein' raises the question of whether observe 
increases in serum protein after protein feeding are not solely the 
result of chemical stimulation, or mobilization from body store.- o 
protein, as distinguished from a new synthesis from the liigcste 
protein materials. If so, recorded differences in proteins ("he" 
concluded from changes in serum protein levels) would he mere 
an expression of a difference in amino acid composition and 
necessarily express the nutritive value of the proteins for gro"t'° 
maintenance. 

Before such an interpretation can be made, it is essential to 
additional data: and especially to determine whether single a,nI 
acids under conditions of low dietary protein, as in the procccur 
Weech and Goettsch 3 will effect an increase in serum pr otean 

i HoWlieit-IIol.l.iiis, F, s„ :mil Whipple, 0. II., Pnoc. Sor. Ext. ^ 10t " ^ 


Mra>., 1930, -II, 301. 

- Madden, S. C., Xorhren, W. A.. 

man, no, rei. 

Weecli, A. A., anil Goettsch, K„ 


Wa rnieli, G. S„ ami Whipple, G - ll < h ^ 
Hull. Johns Hopkins llosp., IMS, «■% la4- 
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TABLE I. 


Effect of Supplements of Methionine and Phenylalanine on Hypoatbuminemin 
Induced by a Low Protein Diet, 


Plasma albumin in g % 



Change in 

t ... - ■ - - 

■ l 


plasma 

End End 

End 

Supplement 

albumin 

3-week 1-week 

2-week 

1 g daVlv 

after 

Vog Xo. Initial depletion regeneration 

reg. 

during reg. 

1-wk reg. 


31 

3.52 

2,92 

2.50 



Phenylalanine 

—.42 

32 

3.37 

2.51 

2.13 


? t 

— ,3S 

21 

3.59 

2.70 

2.51 

2.40 

> * 

—.25 

39 

3.41 

2.72 

2.54 

2.4S 

J » 

—.IS 

2S* 

2.70 

2.03 

1.96 

, . 

» > 

—.07 

30 

3.0S 

2.4S 

2.45 

2.2S 

» > 

—.03 

29* 

2.79 

1.2S 

1.42 — 

Putencv value - 

t 1 

—0.02 :fc O.Ool 

+.14 

29 

2.03 

2.10 

2.19 

2.19 

Methionine 

+.03 

35 

3.52 

2.00 

2.74 

2.53 

’ * 

+.0S 

rt 

3.50 

2,^2 

2.51 

2.53 

J ) 

+.09 

2S 

3.35 

2,01 

2.72 

2.00 

t ■> 

+.11 

9 

3.44 

2.27 

2.45 

2.39 

> * 

+.1S 


3.40 

2.27 

2.55 

— 

y * 

+.2S 

c>* 

2.03 

1.79 

2 42 
Potenc 

t 1 

y value 0.307 ±: 0.02S 

+.33 


•Indicates observations made Sept.-Oct., 1939 ; all others, Dec.-,Tnn., ’39- ’40, 


Fourteen dogs were used for the study and the above procedure 3 
followed in all details. Total protein, albumin and non-protein 
nitrogen were run on the plasma from blood taken at the beginning 
and end of 3-tveek depletion on the low protein diet, and after one 
week regeneration. A few observations were made after 2 weeks' 
regeneration. Supplement consisted of 1 g dl-methionine* or 1 g 
dl-phenylalanine* added daily to the 53 g per kilo of the basal diet. 
Table I gives the summarized findings. 

The 7 dogs fed 1 g methionine showed an average increase in 
serum albumin of 0.157 g /&, If the IVeech and Goettsch figure of 
0.35 (to compensate for the fa!! in albumin that would have been 
observed during the 4th week if the supplement had not been fed) 
is added, the potency value of methionine becomes 0.307 + 0.028. 
Phenylalanine resulted in an average drop of -0.17 g % ; to which 
is added 0.15 for a potency value of -0.02 rt 0.051. Studies in this 
laboratory would assign a potency value of 0.476 4 to casein. Thus, 
1 g methionine under the conditions of the experiment resulted in 
a) most as much increase in serum alburn in as did casein, while 
phenylalanine was not at all effective. 

Purchased from Eastman Kodak Company; amino nitrogen (ran Slyke) 
content of methionine 9 .3797 or 99.S% of theoretical ; of phenylalanine S.52% 
or 10(1.4% of theoretical. 

4 Mueller, A. J., Kemmerer, K. S., Cox, W. M., Jr., and Barnes, S. T., X Bio!. 
Chem., in press. 
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Perfusion- of Blood Vessels 


V c hat c had no previous experience with 2 weeks’ regeneration, 
and it is not a part of the Wcech and Goettsch procedure. In this 
instance the change in scrum albumin after 2 weeks’ regeneration 
confirms the distinction between methionine and phenylalanine. 
Other amino acids are being studied in this manner and will be 
reported later. 
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Role of Particulate Matter in Perfusion of Blood Vessels.* 
Benjamin* \V. Zweifacii. (Introduced by Robert Chambers.) 

From the Laboratory of Cellular Physiology, Department of Biology, Washington 
Square College, Xctr Tori: University. 


A series of perfusion studies were made in which the capillary 
vessels of the frog’s mesentery were kept under observation through 
the microscope. Striking differences were found between the circu- 
lation obtained with perfusates containing particulate matter and 
that obtained with similar solutions which were particle-free. Col- 
loidal Ringer perfusates free of particulate matter did not fill all the 
vessels of the capillary bed, circulating only through the a-v capil- 
laries. In a previous publication, 1 it was pointed out that the a-v 
capillaries represent direct continuations of the arterioles and serve 
as bridging channels to the venules. The dye T-1S24 (Evans blue, 
Eastman Kodak Co.) has been used for blood volume studies be- 
cause of its poor diffusibility. 2 When solutions containing Evans 
blue were used, the restriction of the color to the a-v capillaries stood 
out in contrast to the true capillaries which remained colorless. The 
addition of particulate matter, either as a fine suspension of carbon or 
of washed, rooster red cells, to the Ringer-gelatin or Ringer-acacia 
perfusates altered the restricted circulation within 30 to 45 seconds 
by distributing the solution throughout all of the capillaries. 

During the early stages of the perfusion with particle-free Ringer- 
gelatin solutions, it was observed that the true capillaries were quickly 
emptied of their contained blood cells. This was peculiar since 
other observations had shown that the circulation of such perfusates 

* This study was made possible by a grant from tbc Josiab Maey, Jr., Foun- 


dation. 

1 Zweifacii, B. XV., 

2 Gregerson, M. X., 


Aunt. Pec., 193P, 74, 475. 

and Gibson, J. G., Am. J. Physiol., 1937, ISO, 494. 
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was sharply restricted to the a-v vessels. By observing the vessels 
at the commencement of the perfusion, the blood cells in the true 
capillaries were seen to move simultaneously towards both the 
arterial and venous ends of the vessels and to be swept into the a-v 
circulation. This phenomenon appeared to be brought about by a 
suction effect arising from the rapid streaming of the perfusate past 
the true capillary orifices in the walls of the a-v channels. The cir- 
culation of the particle-free perfusate remained limited to the a-v 
capillaries throughout the experiment. No change in the character 
of the circulation was obtained by raising the perfusion pressure 
from the normal level of 30 mm up to 75 mm Hg. The augmented 
pressure merely effected a more rapid streaming through the a-v 
capillaries. 

The result obtained when the animal was perfused with Ringer- 
gelatin solutions to which a suspension of carbon or avian red cells 
had been added, was in marked contrast to the above. Under these 
conditions the circulating fluid not only coursed through the a-v 
capillaries, but streamed into all the capillary side branches. The 
repeated, alternate use of particle-free and particle-containing solu- 
tions in the same preparations emphasized the distinct difference in 
capillary circulation obtained with the two types of perfusates. The 
red cells, because of their larger size and extreme plasticity, were more 
effective in this respect than carbon. The particulate matter appeared 
to create a series of disturbances at the points of capillary branching, 
thereby disturbing the axial a-v current and deflecting the perfusate 
into the true capillary" offshoots. 

Ringer-gelatin mixtures, lacking formed elements in suspension, 
were capable of preventing edema for only 30 to 40 minutes. Ringer- 
gelatin solutions containing carbon, however, delayed the onset of 
edema for about 110 minutes. Red cell suspensions were somewhat 
more efficient, no edema occurring for more than 180 minutes. 

An additional interesting feature of the perfusion with red cell 
suspensions was the part played by these cells in plugging leaks in the 
capillary wall. When the capillaries were perfused with artificial 
solutions for more than 120 minutes, the capillary’ wall tended to 
become increasingly porous. Chambers and Zweifach* have also 
shown that temporary porous spots appear in the capillary wall and 
can be increased or decreased by variations in the pH and calcium 
content of the perfusate. In this stage, a characteristic flattening of 
red cells against the leaky portions of the wall was observed. This 
was often followed by portions of the cells being squeezed into tiny 
openings between the endothelial cells at these points. 

8 Chambers, R., and Zweifach, B, \ V , . J. Comp. <t«<? Cell. Physiol., 1940, in press. 
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Experimental Cardiospasm in Dogs 


It is suggested that, as a result of the markedly restricted circula- 
tion with particle-free perfusates, abnormal conditions develop which 
.alter the capillary wall and bring about excessive capillary permeabil- 
ity. This would account for the early appearance of edema with such 
solutions. Ihe widespread distribution of particle-containing per- 
fusates approached a more normal circulation in the capillary bed and 
was thereby instrumental in pronouncedly delaying the onset of 
edema. 
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Attempt to Produce Experimental Cardiospasm in Dogs.* 
Jack W. Grondaiil and II. F. Haney. 

From the Department of I'hijsiohiini of the University of Orer/on Medical School, 

Portland, Ore ft on. 

In the clinical condition of cardiospasm food does not pass readily 
from the esophagus into the stomach although at autopsy the cardia 
does not exhibit hypertrophy or stenosis. 1 Postmortem studies have 
shown degeneration of the vagi" - 1 and loss of ganglion cells 1 '" from 
the myenteric plexus of the cardia. Failure of the normal receptive 
relaxation of the cardia in response to the swallowing of food 
is cited by Hurst 1 " as the cause of cardiospasm. Cannon” 
demonstrated that this mechanism is abolished in cats following 
section of the vagi in the neck. By cutting the vagi in the thorax 
Knight” was able to reproduce the X-ray appearance of cardiospasm 
in anesthetized cats. In the course of a study of the motility of the 

* Aided by a grant from the John and Mary R. Markin Foundation. 

1 Stnrtevant, M., Arch. J,,t. Med., 1933, 51 , 714. 

- Heyrovsky, II., Arch. f. Win. Chir., 1913, 100, 703 (Quoted by Lendrum, 
Inc. cit.). 

SLoeper, M., and Forestier, .T., Arch. d. mat dc t’app. digestif., 1921, 11, 30G. 
(See Lendrum, tor. cit.) 

■i Hurst. A. F., and Rake, G., Quart. J. Med., 1930, 23, 491. 

5 Cameron, J., Arch. Din. Childhood, 1927, 2, 33S. 

« Beattie, W. J. H. M., &t. Bartholomew's Hasp. Pep., 1931, 64, 39. 
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cardia in dogs Zeller and Burget 13 performed thoracic vagotomy in 
nine animals; subsequent studies without anesthesia revealed no 
loss of tonus or failure of relaxation. They suggest that vagal 
impulses may be transmitted to the cardia through fibers which travel 
in the wall of the esophagus. 

The present report deals with an attempt to interrupt any such 
fibers by combining an encircling incision through the outer coats 
of the esophagus with bilateral thoracic vagotomy. 

Since anesthetics interfere with visceral reflexes, a modification 
of the method outlined by Burget and Zeller 14 for recording motility 
in nonanesthetized dogs was used. Employing this method, the dogs 
were subjected to preliminary esophagostomy in which the esophagus 
was brought to the exterior in the midline below the cricoid cartilage. 
These animals did not regurgitate nor did they lose any considerable 
amount of food during the act of swallowing. Following recover)" 
the dogs were trained to lie quietly on a table while motility studies 
were made. Three rubber balloons attached to soft rubber catheters 
were passed down the esophagus, the lowest being lodged in the 
cardia, the second in the lower esophagus, and the uppermost a 
short distance below the esophageal fistula. The 2 lower balloons 
were connected to sensitive Becker tambours. The uppermost bal- 
loon was connected by a T-tube with a rubber bulb and with a mer- 
cury manometer. By means of this arrangement stimulation of the 
esophagus could be effected and recorded. Momentary distension of 
the uppermost balloon resulted in an almost immediate relaxation of 
the cardia, which definitely preceded the passage of a peristaltic wave 
over the middle balloon. 

When the dogs were well trained the interruption of nerve path- 
ways in the thorax was attempted. Under nembutal anesthesia and 
artificial respiration by tracheal catheter, the thorax was entered on 
the left side, both vagi and the communicating branch were cut about 
4 cm above the diaphragm, and the outer coats of the esophagus 
were cut along its entire circumference at the same level, laying bare 
a band of white submucosa 1 cm wide. In 5 dogs this procedure was 
varied by doing the operation in 2 stages, first girdling the esophagus, 
then reentering the thorax a few weeks later to cut the vagi. 

After operation the animals were observed for difficulty in swal- 
lowing. presence or absence of cardiac relaxation, and change of 

is Zeller, W. E., and Bnrget, G. E., Am. J. of Digest. Dis. and Xutntiou, 1037, 
A 113. 

14 Burget, G. E., and Zeller. W. E., Peoc. Soc. Exp. Biol, and Med., 1930, 
34, 433. 
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It is suggested that, as a result of the markedly restricted circula- 
tion with particle-free perfusates, abnormal conditions develop which 
alter the capillary wall and bring about excessive capillary permeabil- 
ity- This would account for the early appearance of edema with such 
solutions. I he widespread distribution of particle-containing per- 
fusates approached a more normal circulation in the capillary bed and 
was thereby instrumental in pronouncedly delaying the onset of 
edema. 


11378 

Attempt to Produce Experimental Cardiospasm in Dogs.* 
Jack W. Grondaiil and H. F. I-Iaxey. 

Train Ihc Department af Physiology of the Vnircrsity of Ore pan Critical School, 

Portland, Oregon. 

In the clinical condition of cardiospasm food does not pass readily 
from the esophagus into the stomach although at autopsy the cardia 
does not exhibit hypertrophy or stenosis . 1 Postmortem studies have 
shown degeneration of the vagi '- 11 and loss of ganglion cells 4-0 from 
the myenteric plexus of the cardia. Failure of the normal receptive 
relaxation of the cardia in response to the swallowing of food 
is cited by Hurst 10 as the cause of cardiospasm. Cannon 11 
demonstrated that this mechanism is abolished in cats following 
section of the vagi in the neck. By cutting the vagi in the thorax 
Knight 11 was able to reproduce the X-ray appearance of cardiospasm 
in anesthetized cats. In the course of a study of the motility of the 

* Aided Tjv a grant from the John and Mary It. Markle Foundation. 

1 Rturtevnnt, M., Arch. Int. Med., 1933, 51, 71-5. 

2 lleyrovsky, II., Arch. f. Win. Cftir., 1913, 100, 703 (Quoted by Lendrum, 
lor. cit.). 

3 Loeper, M., and Forestier, J., Arch. d. mill dc I'app. digestif., 1921, 11, 30G. 
(See Lendrum, loc. cit.) 

4 Hurst, A. F., and Rake, G., Quart. J. .1 fed., 1930, 23, 491. 

a Cameron, J., Arch. Dis. Childhood, 1927, 2, 33S. 

0 Beattie, W. .T. H. M., St. Bartholomew's IIosp. Brp., 1931, 04, 30. 

4 Mosher and McGregor, Ann. Otol. lihin. and Lari/np., 192S, 12. 

8 Lendrum, F. C., Arch. Int. Med., 1937, 50, 474. 

OHnra, II. J-, California and Western Medicine, 1929, 30, 390. 

10 Hurst, A. F., J. A. M. A., 1934, 102, 382. 

11 Cannon, W. B., Am. J. Physiol., 1904, 10, 43G. 

12 Knight, G. C., P>rit. J. Snrg., 1934, 22, 153. 
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cardia in dogs Zeller and Burget 13 performed thoracic vagotomy in 
nine animals; subsequent studies without anesthesia revealed no 
loss of tonus or failure of relaxation. They suggest that vagal 
impulses may be transmitted to the cardia through fibers which travel 
in the wall of the esophagus. 

The present report deals with an attempt to interrupt any such 
fibers by combining an encircling incision through the outer coats 
of the esophagus with bilateral thoracic vagotomy. 

Since anesthetics interfere with visceral reflexes, a modification 
of the method outlined by Burget and Zeller 14 for recording motility 
in nonanesthetized dogs was used. Employing this method, the dogs 
were subjected to preliminary esophagostomy in which the esophagus 
was brought to the exterior in the midline below the cricoid cartilage. 
These animals did not regurgitate nor did they lose any considerable 
amount of food during the act of swallowing. Following recovery 
the dogs were trained to lie quietly on a table while motility studies 
were made. Three rubber balloons attached to soft rubber catheters 
were passed down the esophagus, the lowest being lodged in the 
cardia, the second in the lower esophagus, and the uppermost a 
short distance below the esophageal fistula. The 2 lower balloons 
were connected to sensitive Becker tambours. The uppermost bal- 
loon was connected by a T-tube with a rubber bulb and with a mer- 
cury manometer. By means of this arrangement stimulation of the 
esophagus could be effected and recorded. Momentary distension of 
the uppermost balloon resulted in an almost immediate relaxation of 
the cardia, which definitely preceded the passage of a peristaltic wave 
over the middle balloon. 

When the dogs were well trained the interruption of nerve path- 
ways in the thorax was attempted. Under nembutal anesthesia and 
artificial respiration by tracheal catheter, the thorax was entered on 
the left side, both vagi and the communicating branch were cut about 
4 cm above the diaphragm, and the outer coats of the esophagus 
were cut along its entire circumference at the same level, laying bare 
a band of white submucosa 1 cm wide. In 5 dogs this procedure was 
varied by doing the operation in 2 stages, first girdling the esophagus, 
then reentering the thorax a few weeks later to cut the vagi. 

After operation the animals were observed for difficulty in swal- 
lowing, presence or absence of cardiac relaxation, and change of 

18 Zeller, W. E., and Burget, G. E., Am. J. of Digest. Dis. and Kutrition, 1937, 
4, 113. 

14 Burget, G. E., and Zeller, W. E., Pp.oc. Soc. Exp. Biol, and Med., 1930, 
34, 433. 
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liody weight. 1 lie clogs subjected to simple girdling of the esoph- 
agus alone did not experience difficulty in swallowing, and receptive 
relaxation of the cardia was present. 

All the dogs subjected to the combined operation of girdling of 
the esophagus and thoracic vagotomy showed marked loss of weight 
and great difficulty in swallowing. A dog when given a half can of 
food would gulp it down, immediately begin to strain and extend its 
neck, and make swallowing movements and soon return practically 
all of the food as a mucous-coated, sausage shaped mass. The re- 
gurgitated food did not change the color of blue litmus paper. By 
repeated attempts the dog might dispose of half a can of food within 
10 minutes. In this group of dogs 5 showed complete absence of 
relaxation of the cardia in all motility records taken postoperative!}'. 
Two dogs were too restless following the operations to permit taking 
satisfactory records, 2 revealed occasional slight relaxation in re- 
sponse to strong stimulation, and one exhibited relaxation which was 
indistinguishable from that demonstrated in preoperative records. 
In spite of recorded relaxation these last 3 animals exhibited marked 
difficulty in swallowing and rapid loss of weight. Of the 12 dogs 
used 2 died of perforation of the esophagus within 3 days following 
the thoracic operation. The results are summarized in Table I. 


TABLE I. 



Xo. of dogs 

Xo. of dogs 
showing difficulty 

Xo. of dogs 
in which 
relaxation couhl 

Operation 

studied 

of swallowing 

be recorded 

Encirclement of esophagus 

3 

0 

5 

Combined operation 

10* 

10 

3f 


*In 2 of these balloon records could not be obtained. 

tTwo of the 3 exhibited only occasional slight relaxation in response to strong 
stimulation. 


On postmortem examination the 2 dogs with perforation of the 
esophagus showed mediastinitis. One died 13 days after operation 
with hemorrhages of undetermined cause into the stomach and small 
intestine. In this and other dogs sacrificed at intervals of 34 to 84 
days after operation, the esophagus was found not to be inflamed, 
dilated or constricted. In every case one or 2 fingers could be passed 
easily through the cardiac orifice into the stomach. 

The failure to demonstrate uniformly a complete loss of relaxa- 
tion in 3 of the dogs is not readily explained. It may be that all vagal 
pathways concerned in the relaxation of the cardia were not severed. 
It is possible that the motility studies are capable of showing a ie- 
laxation of the cardia which is not sufficient in degree to allow the 
free passage of food into the stomach. 
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Sunnnarv . A combined operation of bilateral vagotomy 4 cm 
above the diaphragm and girdling of the esophagus at the same level 
is described as a means of producing in dogs an experimental condi- 
tion comparable to clinical cardiospasm. In the majority of cases 
the regurgitation of food can be shown to be accompanied by a failure 
of receptive relaxation of the cardiac orifice of the stomach. Since 
neither bilateral vagotomy in the thorax 14 nor girdling the esophagus 
above the diaphragm is sufficient in itself to produce these results, it 
may be concluded that some but not all of the fibers responsible for 
receptive relaxation of the cardia of the dog course downward within 
the wall of the esophagus. 
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Failure of Maternal Vitamin A Depletion to Produce Congenital 
Anomalies in the Young of Rats. 

Mott D. Cannon. (Introduced by W. B. Cannon.) 

From the Department of Child Hygiene of the Hanard School of Puhhc Health, 

Attention recently has been directed to possible dietary causes of 
congenital anomalies by Hale's observations 1 ' "■ 3 on the occurrence 
of microphthalmia, hare lip, cleft palate, and the failure of the kid- 
neys to leave their embryonic position in the young of vitamin A- 
deficient sows. Others who have investigated reproduction in vita- 
min A-deficient hogs have reported abortion, resorption or the birth 
of dead fetuses. In some instances prolonged labor was observed, 
but congenital anomalies in the young were not described. 4 ’ 5 

Hart, Meade and Guilbert 6 made no mention of congenital defects 
in calves born to cows showing night blindness at the time of parturi- 
tion, nor were anatomical abnormalities recorded by Hart and Miller 7 
among lambs from ewes kept on vitamin A-low rations for nearly a 
year and night blind at the time of lambing. 

1 Hale, Fred, J. Heredity, 1933, 24, 105. 

2 Hale, Fred, Am. J. Ophthdl., 1935, IS, 10S7. 

3 Hale, Fred, Tex as State J. died., 1937, 33, 228. 

4 Hughes, J. S., Aube], C. E., and Lienliardt, H. F-, Kansas Agrtc. Exp. Sta. 
Tech. Bull., 192S, 23, 1. 

5 Hughes, E. H., J. Jgnc. Res., 1934, 49, 943. 

GHart, 6. H., Mead, S. W., and Guilbert, H. R., Pkoc. Soc. Exp. Biol. 
Med., 1933, 30, 1230. 

7 Hart, G. H., and Miller, R. F., J. Agnc. Res., 1937, 55, 47. 
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Sherman and MacLeod,* Evans," and Batchelder 10 all found 
reduced reproductive capacity in vitamin A-deficient rats. Sure 11 
was the first to show that lack of vitamin A results in resorption of 
fetuses, even if abundant vitamin E is provided. This work was 
confirmed by Mason, 1 ' who showed that vitamin A deprivation also 
caused appearance of the "placental sign" (red blood cells in the 
vaginal smear) one to 4 days early, prolonged gestation, and diffi- 
cult parturition with all or part of the young born dead. Mason 
makes no mention of congenital anomalies, although he states that 
all young born to his large series of vitamin A-deficient mothers were 
routinely examined. Tanslcy” and Newton, 11 who have confirmed 
Mason’s work, observed no anomalies in the young. 

Hale 5 states that he has observed 2 cases of congenital blindness 
in rats from vitamin A-deficient mothers, but mentions that heredi- 
tary factors are not ruled out. Brownian, 15 investigating the repro- 
ductive performance of rats receiving adequate vitamin A but which 
had had a previous history of vitamin A depletion, encountered 
microphthalmia in one percent of the young born to these mothers. 
However, 0.7% of the young from the stock colony showed this 
defect. 

In an extensive study of congenitally malformed children, Murphy 
and Bowes 1 ' 1 have judged the maternal diet to have been inadequate 
in 40% of the cases. They do not, however, present control studies 
on the incidence of inadequate diets among mothers of normal 
infants. 

We have studied the effects of maternal vitamin A deprivation 
upon the rat fetus, placing particular emphasis upon the question of 
.congenital anomalies. 

Two A-Iow diets were employed: 

A B 


Casein (hot alcohol extracted) 24 22 

Sucrose 20 04 

Hydrogenated cottonseed oil (Crisco) 22 

Salt mixture No. 1851' 4 4 

Yeast (ether extracted) 40 10 


■" fisherman, II. C., and MacLeod, F 7h., J. -4 m. Chcm. Soc., 1025, 47, 105S. 

0 Evans, II. M., J. Biol. Chem., 1.028, 77, 051. 

10 Batchelder, E. L., Am. Physiol., 1934, 109, 430. 

11 Sure, B., J. Agric. Pcs., 1928, 37, 87. 

12 Mason, Iv. E., Am. J. not ., 1935, 15,, 30„. 

13 Tansley, K., Biochcm. J., 1930, 30, 839. 
it Newton, W. II., J. Physiol., 1938, 02, 32. 

13 Brownian, L. O., Am. J. Physiol., 1939, 125, 335. 

-MU.PT, ,, D r uud X D ,»■ O*. ■ ^ 

17 McCollum, E. V., Simmonds, N., and Vitz, v. •> 
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Diet B was supplemented by 0.2 cc of cottonseed oil 3 times weekly. 

Since performance on these 2 diets does not appear to differ in 
anv important respect, the results will be discussed without reference 
to the diet used. 

Females previously fed Purina dog chow were placed on the 
described diets at approximately 30 and 60 days of age. They were 
placed with males at varying periods after the vaginal smears had 
shown cornified cells continuously. 

Of 36 females, mated as proven by the demonstration of sperm in 
the vagina, 2 failed to conceive. 1 1 resorbed their fetuses com- 
pletely,* and 23 carried one or more young to term. These results 
are tabulated in more detail in Table I. 

In our experience, females so depleted as to show xerophthalmia 
or weight loss generally will not mate. Of the animals mated, the 
most severely depleted resorbed their fetuses. Those rats which 
gave birth to young showed gestation periods from 23 to 25 days, 
with normal labor in some instances, and in others, with labor ex- 
tending over 12 hours. This confirms the observation of Mason, 
Tansley, and Newton. It is noteworthy that a similar prolongation 
of pregnancy with failure of the birth mechanism is induced by the 
injection of anterior pituitary preparations into pregnant rats. 15 
In this latter instance, prolongation of gestation and failure of the 

TABLE I. 


Age when 
placed on 
A-low diet, 
days 

Days on 
A-low 
diet 

0 failing 
to con- 
Matings ceive 

0 which 
resorbed 
com- 
pletely 

$ which 
carried 

1 or more 
young to 
term 

Young 

born 

or carried 
to term 

Tcof 

young 

alive 

60-70 

60-70 

7 

0 

1 

6 

52 

76 


100-120 

12 

0 

1 

11 

SI 

51 

25-30 

60-70 

7* 

2 

4 

1 

3 

100 


85-90 1 t 

7 

0 

2 

5 

38 

52 


100 5 

3 

0 

3 

0 

— 

— 


Controls : A-lovr diet 
and 40 7 carotene 
3x weekly bred when 


90-110 days old 

3 

0 

0 

3 

23 

100 

Controls: Purina dog 
cliovr and lettnee 

11 

0 

0 

11 

6S 

100 


‘Received 0.25 cc cod liver oil daily after 9-11 day of pregnancy. 
tRefused to mate and lost weight. Given 120 7 carotene between 60 and 75 
days on A-Iow diet. 


* That they had conceived and implanted fetuses was proved by the occurrence 
of the placental sign. 

IS Teel, H. M., Am. J. Physiol, 1926, 79, 170. 
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birth mechanism arc associated with persistence of abnormal lutein 
tissue in the ovaries and failure of a new crop of follicles to ripen. 

Young born normally or obtained by Caesarian section were 
minutely examined for abnormalities. The following specific points 
were checked : cars, eyes, nostrils, lips, roof of mouth, limbs and feet, 
tail, vertebral column, anus and genital papilla. Except when it was 
desired to rear the young, the presence of eyeballs was unequivocally 
established by dissection, and in most instances the viscera, especially 
the kidneys, were examined. All of the young from A-low mothers 
appeared anatomically normal except for one which had only the 
stump of a tail. About half the young were born dead. Resorption 
sites and embryos in the process of resorption were found even in 
mothers who bore mature young. The macerated fetuses repre- 
sented various stages of development, but no anomalies were found 
where sufficient structure remained to permit of satisfactory ex- 
amination. 

The young reared by A-low mothers (only the less deficient animals 
would nurse young) were essentially normal in appearance, although 
somewhat underweight. No evidence of impaired vision was noted. 
All the young ceased to grow and developed severe xerophthalmia 
by the time they were 5 weeks old. 

Control mothers on dog chow and on the A-low diet plug 40 /‘g of 
carotene 3 times weekly gave birth to living young in every instance 
after gestation periods of 21 to 23 days. Two of the young from 
control mothers on dog chow were hydrocephalic. 

From these observations, as well as from the work of others 
already mentioned, it may be seen that, if rat females have sufficient 
vitamin A to enable them to bear any young, their offspring are 
anatomically normal. Sheep and cattle appear to behave similarly. 
Hale emphasized the severity of depletion of his sows, and the pos- 
sibility should not be overlooked that swine may be able to mate, 
conceive and carry fetuses when more severely depleted than can 
rats, sheep, or cattle. If this is true, it is possible that this larger 
store of vitamin A in rats, necessary for conception, permits the 
early critical stages of the embryo’s development to proceed un- 
affected. , . , 

Summary. 1. Lack of vitamin A failed to induce congenital 

anomalies in the young of rats. 2. Very severely depleted female 
rats refuse to mate. In order of decreasing severity of depletion, 
they will * mate but fail to conceive; conceive but resorb their fetuses; 
ffive birtli to dead fetuses with difficult and protracted labor after a 
prolonged gestation; show only prolonged gestation. 
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N’Dodecanoylsulfanilamide, and Sulfapyridine Plus Vitamin C, 
in Experimental Tuberculosis in Guinea Pigs.* 

M. Maxim Steixbach axd Charles J. Duca. (Introduced by 

C. W. Jungeblut.) 

From the Department of Bacteriology, Columbia University College of Physicians 
and Surgeons, Xew York. 

The striking chemotherapeutic effects obtained recently by the 
use of sulfanilamide and related compounds have led many -workers 
to study the therapeutic effects of these chemicals on experimental 
and clinical tuberculosis. The findings reported have been conflict- 
ing. and the search for a chemotherapeutic agent which would act 
efficiently in tuberculosis is still being continued. 

As early as 1920, the fatty acids of chaulmoogra oil were sug- 
gested for the treatment of tuberculosis (Walker and Sweeney 1 ) , 
and clinical success in the treatment of skin tuberculosis with 
hydnocarpic acid has been reported by Rogers 1 and by Burgess. 3 
Kolmer and his associates.' 1 however, showed that chaulmoogric 
acid does not inhibit the course of experimental tuberculosis in 
guinea pigs. Recently Crossley, Nor they, and Hultquist 5 synthesized 
N’dodecanoylsulfanilamide with the thought that a combination of 
a long chain fatty acid with sulfanilamide might provide a more 
effective chemotherapeutic agent for tuberculosis than either con- 
stituent alone. When this compound was administered to guinea 
pigs by stomach tube in 100 mg amounts daily for 45 days after 
infection with H37, Climenko and Schmidt 6 reported no sign of 
generalized tuberculosis, as evidenced by the absence of gross in- 
volvement of liver or spleen or of general lymphadenitis in these 
animals, 120 days following infection. Through the courtesy of 
Dr. D. A. Bryce 1 we were supplied with generous amounts of N’dode- 
canoylsulfanilamide for the purpose of studying its action in experi- 

* This -svork was in part supported by a grant from the Xational Tuberculosis 
Association. 

l Walker, E. L., and Sweeney, M. A.. J. Inf. Vis., 1920. 26. 23S. 

= Rogers, L.. Brit. Med. 1933, 1. 47. 

3 Burgess, W., Brif. Med. J„ 1935, 2, S35. 

4 Kolmer, J. A., Davis, L. C., and Jager, R.. J. Inf. Vis.. 1921, 28. 265. 

3 Crossley, M. L-, Xorthey. E. H.. and Hultquist. M. E., J. Am. Chem. .Sor.. 
1939, 61, 2950. 

G Climenko, D. K., and Schmidt, R. L.. personal communication. 

' Bryce, D. A., Medical Director, Calco Chemical Co. 
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mental tuberculosis. Throughout the course of this work, tuberculin- 
negative. male guinea pigs were used. 

Experiment 1. Eighteen guinea pigs were infected subcutaneously 
in the region of the groin with 1 mg of human type tubercle bacilli 
(H37) and divided into 3 groups of 6 animals each as follows: 

Group /, Untreated controls. 

Group 11. Treated with 100 mg N’dodccanoylsulfanilamide in 
2% olive oil solution, administered by stomach tube. Treatment 
started on the day of infection and continued daily for 45 days. 

Group III. Treated with 100 mg N’dodccanoylsulfanilamide in 
2 c /o olive oil solution, administered by stomach tube. Treatment 
started 5 days after infection and continued daily for 40 days. 

Results. Three control animals died 40 days after infection, 1 
animal of Group II died 25 days after infection, and 2 animals of 
Group III died 40 days after infection. The remaining guinea pigs 
were sacrificed 60 days after infection. The macroscopic findings, 
averaged for severity of involvement, are presented in Table I. 

TABLE I. 

Extent of Tuberculosis. 


Group 

Lungs 

Liver 

.Spleen 

Size of spleen 

Glands 

Summary 

I 

1.6+ 

3.0+ 

2.3 + 

4.6 X normal 

2.1+ 

2.3+ 

II 

1.1 + 

2.1 + 

2.1 + 

3.3 X ” 

2.1+ 

2.0+ 

III 

L2+ 

2-1 + 

2.6+ 

4.S X ” 

2.6+ 

2.2+ 


Although the treated animals showed somewhat less disease than 
the control pigs, there was no evidence of localization and the dif- 
ferences were very- slight indeed. 

The experiment was. therefore, repeated with a smaller infecting 
dose. For purpose of comparison, groups of animals treated with 
sulfapyridine and with sulfapyridine plus vitamin C were included in 
this series. The latter were added in view of the favorable results 
obtained previously with vitamin C treatment of experimental tuber- 
culosis.® 

Experiment II. Thirty-five guinea pigs were infected subcu- 
taneously in the region of the groin with 0.1 mg of H37 and divided 
into 5 groups of 7 animals each, as follows: 

Group 1. Untreated controls. 

Group 11. As in Experiment I. 

Group III. As in Experiment I. 

Group IV. Treated with 100 mg sulfapyridine in 2% olive oil 
solution, administered by stomach tube. Treatment started on the 
day of infection, and continued daily for 45 days. 

M., arulTvlcin, S. .T„ in preparation. 
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Group V. Treated with 100 mg sulfapyridine in 2% olive oil 
solution, administered by stomach tube, and 10 mg vitamin C dis- 
solved in normal saline, administered subcutaneously. Treatment 
started on the day of infection and continued daily for 45 days. 

Results. One control animal died 33 days, and 1 died 120 days 
after infection. One animal in Group III was killed accidentally the 
day after infection. Two animals in Group IV died 140 days after 
infection, and 1 guinea pig in Group V died 120 days after infection. 
Three of the animals in each group were sacrificed 62 days after 
infection. The findings at this time were the same as obtained in 
Experiment I. The rest of the animals were sacrificed 140 days after 
infection. The average autopsy scores, including all the animals of 
each group, are presented in Table II. 


TABLE II. 

Extent of Tuberculosis. 


Group 

Lungs 

Liver 

Spleen 

Size of spleen 

Glands 

Summary 

I 

2.3+ 

3.0+ 

3.9+ 

0.3 X normal 

3.5-f- 

3.2+ 

II 

2.3 + 

3.0 + 

2.2+ 

3.0 x ” 

2.9 + 

2.0+ 

III 

3.0 + 

3.4+ 

3.4+ 

5.0 x 

2.G+ 

3.1+ 

iv 

2.5+ 

3.5+ 

2.5+ 

4.7 x ” 

2.0+ 

2.7 + 

V 

2.7 + 

3.4~i" 

3.4+ 

5.2 x 

3.0+ 

3.1 + 


In all groups the infection had spread to every susceptible organ 
of the guinea pig. The differences which exist in gross appearance 
and size of spleen between treated and untreated animals cannot be 
considered significant in view of Corper’s" report that this effect may 
be due to the toxic action of the drug. The general impression 
gathered at the autopsy table was that no group of animals showed 
significant differences in the extent or degree of tuberculous infection. 

Conclusions. (1) Under the conditions of our experiments treat- 
ment with N’dodecanoylsulfanilamide shows no inhibitory effect on 
the course of experimental tuberculosis in guinea pigs infected with 
the human tubercle bacillus. (2) The administration of sulfapyr- 
idine, alone or in conjunction with vitamin C, is ineffective in the 
treatment of guinea pigs infected with the human tubercle bacillus. 

»Corper, H. J., Colin, M. I., and Bower, C., Am. Itcv. Tiibcrc., 1939, 40, 452. 
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On the Role of Oxalic Acid in Blood Clotting. 

R. H. K. Foster. (Introduced by E. Chargaff.) 

1'rom the Pharmacology Laboratory, 11 off maim -La lioelic, Inc., Xntley, X. .7. 

Oxalic acid lias always been considered an anticoagulant but 
recently Steinberg and Brown 1 and Schumann- reported that small 
doses administered intravenously hasten coagulation. Oxalic acid 
is a constituent of normal human blood ranging from 2.75 to 4 
mg % J ' C and somewhat higher in rabbit and beef blood. Steinberg 
and Brown 1 and Steinberg 7 stated that oxalic acid and plant extracts 
containing oxalic acid were found effective in increasing the coag- 
ulability of normal blood and also of blood in hemophilia, purpura, 
obstructive jaundice, vitamin K deficiency, and in prolonged post- 
stirgical bleeding from other causes. (Reference 7 is a popular 
article by Hannah Lees describing Steinberg’s work and so far is 
the most extensive source of information.) No data were presented 
by Steinberg concerning the action in vitamin Iv-deficient animals. 
Having available vitamin K-free chicks we decided to make a few 
tests. The effect in normal rabbits was also studied. 

Steinberg stated that a coagulant "unit” was the amount of plant 
extract causing in a 5 lb rabbit 15 minutes after injection a reduction 
in the clotting time of 50%. He did not give the dosage of oxalic 
acid for rabbits, but mentioned the human dosage to be 3 mg. 7 A 
corresponding dosage in proportion to bod}’ weight, with a consid- 
erable range on either side, was used in rabbits and chicks. 

Coagulation times were determined by a modified Howell method. 
Blood was drawn into an oiled syringe and transferred to a vaccine 
tube which was immediately stoppered with a paraffined cork and 
placed in a water bath. The tube was tilted every half minute until 
clotting occurred. From chicks 0.2 cc of blood was drawn from 
the brachial wing vein and from rabbits 1.0 cc by heart puncture. 

It is well known that after repeated veni- or heart-punctures in- 
creased coagulability may sometimes be observed. Controls were run 
to rule out this factor and the data are listed in Tables I and II. 

1 Steinberg, A., ami Brown, W. B., Am. J. Physiol., 1939, 12G, C38. 

2 Schumann, E. A., Am. J. Obst. and Gyn., 1939, 38, 100" 

3 Magerl, J. F., and Bittmann, B., Klin. IT ocbschr., 1938, 1 < , 1078. 

•I Mere, K. W., and Maugeri, S., Physiol. Chcm., 19 31, 201, 31. 

5 Suzuki, S., Jap. J. Med. Sci., II Biochcm., 1934, 2, 291. 

o Knmiya, S., Jap. J. Med. Sci. II Biochem., 1937, 3, 163. 

7 Lees, Hannah, Collier’s, 1939, Sept. 23, p. 48. 



Oxalic Acid xx Blood Clotting 


137 


TABLE I. 


Clotting Tests on Babbits. 


Animal No. 

Dose per kg 


Clotting times 

/ > 

Before 15 min after 

303 

Control- 

— no injection 


2 + 

3 + 

300 

) J 

yy yy 


3 


317 

it 

yy yy 


3 

2 + 

318 

* it 

yy yy 


2 + 

3 

319 

it 

yy yy 


3 

2 + 

304 

Saline — cc 


3 

3+ 

307 

n 

'A " 


2 + 

4+ 

325 

Oxalic 

acid — 10 7 


24- 

2 + 

326 

1 ) 

” 20 ” 


3 

2 + 

32S 

it 

” 40 ” 


3 

4-f* 

322 

a 

” GO ” 


O 

2 + 

201 

yy 

” SO ” 


4 

24- 

2S0 

> y 

” 90 ” 


3 

3+ 

314 

y y 

” 125 ” 


2 + 

2 -f 

270 

y y 

” 175” 


3 

3 

315 

y > 

” 250 ” 


3 

2 + 

304 

yy 

” 450 ” 


3 

3+ 

309 

i i 

” BOO ” 


3 

> 5 hours 

+ indicates half minute. 







TABLE II. 






Clotting Tests on Chicks. 




Condition 

Dose 




Group No. 

of chicks 

7 /chick 

N 

Clotting times — min 

1-3 

Normal 

Saline 0.02 cc 

9 

2 -b 2+, 

3-K 3-f, 54-, 





4+ , 4+ , 7, 7 

2-4 

yy 

Oxalic acid 2y 

9 

1 +, 2, 2 

+, 2-f, 4, 5-f, 





5+ , 7, 

1 + 

5-19-22 

K-free 

Control 

12 

88 , 106, 10 >120 

6 

y y 

Venipuncture 

4 

All >120 

7-20-23 

yy 

Saline 0.05 cc 

13 

31 12 > 120 

8 

it 

Oxalic acid 1 y 

3 

All >30 


9-10-11 

yy 

>y yy g yy 

5 

50, 92, 105, >30, >180 

12 

a 

yy j y g yy 

3 

All >30 


24 

yy 

” ” 3.5 ” 

5 

All >30 


13-14-15-21 

y y 

” ” 5 ” 

11 

18, 25, 99, S >120 

16-17 

a 

” ” 10 ” 

4 

41, 46, 2 

>120 

18 

y t 

” ” 25 ” 

2 

50, 73 



A dose of oxalic acid of 40-50 y/kg corresponds to a 3 mg human 
dose. As seen in Table I this dose was without effect in normal 
rabbits and the only significant effect obtained was with a dose of 
600 y/kg, which caused a great prolongation of the clotting time. 
Data on 8 other rabbits are omitted from the table to save space. 
The results were no different. Since the normal value of oxalic acid 
in rabbits is 6-9 mg %■* a 600 y dose would correspond to an increase 
in the oxalic acid content of the blood of about 15%. The dose 




1 38 


Oxalic Acid ix Blood Clottixg 

recommended (40-50 y/k g) as causing a shortening of the clotting 
time amounts to scarcely a 1 fyo increase in the oxalic acid concen- 
tration. It hardly seems logical that so small an increase could 
afiect the clotting time in either direction unless there was no free 
oxalate in the blood to start with. But whether the normal oxalate 
is combined or free, or whatever may he its function in blood, these 
data do not support the view that it possesses any coagulant effect 
whatsoever in normal blood. 

Table II gives tests on norma! and vitamin K-frce chicks (Alni- 
cjuist'' diet). The chicks were 2 weeks old at the time of testing and 
most of them showed the characteristic hemorrhages caused by pro- 
thrombin deficiency resulting from an inadequate vitamin K supply. 
Doses of oxalic acid varying from 1 y to 25 y per chick were used 
and in no case was the clotting time reduced to normal. A dose of 
3.5 y per chick corresponds to the human dose given by Steinberg. 
Two chicks showed clotting times of less than 30 minutes, but this 
is not significant since controls occasionally showed similar results. 
Although one of the saline controls clotted at 31 minutes, the ma- 
jority showed no clotting within 2 or 3 hours. Administration of 
vitamin IC returned the clotting time to normal (not included in 
table). In normal chicks a dose of 2 y per chick had no effect. The 
chicks used in the entire series ranged in weight from 50 to 145 g 
with an average of 98 g for S3 chicks. 

Babbit blood made deficient in coagulability by administering 
near threshold doses of heparin intravenously was unaffected by 
small intravenous doses of oxalifc acid. With the doses of heparin 
used the clotting time returned to normal in about one hour. Heparin 
is generally considered as antiprothrombin and the heparinized animal 
is therefore comparable to the vitamin K-deficient chick, prothrom- 
bin being absent (or greatly diminished) in the latter and immo- 
bilized in the former. Only a few tests were run, and while the 
data were limited, there was no indication of any effect in the 
closes used nor evidence warranting more extended trials. 

The literature describes oxalic acid as being a normal constituent 
of blood and other body tissues. The concentration changes in 
various conditions but there is no evident parallelism to changes in 
coagulation. During narcosis it increases in bile and in the urine. 0 - 1 
This increase is attributed to anoxemia and Kamiya” a nd others 

8 Almquist, H. .T., J. Biol. Chon., 1030, 114, 241. 
f Borgstrocm, S., Shaml. arch. Physiol., 1937, 77, 16. 
in Borgstrown, S., Shawl, arch. Physiol., 193S, 79, 1. 
ll Kamiya, S., Jap. J. -Veil. Sci. II, Biochem., 1937, 3, 301. 



Circulation of Blood in Traxsillumixated Spleens 139 


showed that anoxemia in rabbits increased the oxalic acid content of 
blood by as much as 60%. Kamiya® and Marcolongo’" showed that 
it rose in high blood pressure, uremia, tuberculosis, syphilis, beri beri, 
neuralgia, rheumatism, cirrhosis, and in acnte and chronic nephritis. 
Melocchi 13 observed a rise of oxalic acid in the blood during intestinal 
fermentation of carbohydrates. Olson also made the comment in a 
letter quoted by Schumann- that on the basis of the amount of oxalic 
acid normally in the blood, it would not seem logical that a small 
increase could have any effect on the clotting time. The experimental 
evidence bears out Olson's view. 

Conclusions. Oxalic acid injected into animals over a wide range 
of dosage was found to have no effect on coagulation until a suffi- 
ciently high dose level was reached, at which point clotting was de- 
layed. Included in this study were suitable controls, normal and 
heparinized rabbits and normal and vitamin K-deficient chicks. 
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Direct Observations on the Circulation of Blood in Trans- 
illuminated Mammalian Spleens* 

David W. Mackenzie, Jr., Allen O. Whipple and Margaret 
P. Wixtersteixer. (Introduced by A. M. Pappenheimer. ) 

From the Department of Surgery, Columbia University College of Physicians and 
Surgeons, Veit.' Tort:, V. I'. 

The spleens of living mice, rats, rabbits, guinea pigs and cats were 
transilluminated 1 and observed at several magnifications, as high as 
600 X (water immersion). Each type of spleen was completely 
delivered through a long paracostal incision and placed in a suitable 
celluloid chamber, on a light table, above the abdominal wall. By 
this means, respiratory motions were eliminated in some, and greatly 
reduced in all specimens. The spleen, thus supported, was totally 
immersed in rapidly flowing Ringer-Locke solution at 37 3 -38° C. 
Anesthesia hypodermoclyses of sodium iso-amyl ethyl barbiturate 

12 ilareolongo, F., Clin. med. ital., 1934, 65, 106S. 

13 Jleloeclii, W., Giom. clin. med., 1934, 15, 1669. 

The cooperation of the Department of Pathology, greatly facilitated this 
tvork. 

1 Knisely, M. H., Anat. Pec., 1938, 71. 503. 
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recommended (40-50 y/kg) as causing a shortening of the clotting 
time amounts to scarcely a 1 % increase in the oxalic acid concen- 
tration. It hardly seems logical that so small an increase could 
affect the clotting time in either direction unless there was no free 
oxalate in the blood to start with. But whether the normal oxalate 
is combined or free, or whatever may he its function in blood, these 
data do not support the view that it possesses any coagulant effect 
whatsoever in normal blood. 

fable If gives tests on normal and vitamin K-frce chicks (Alm- 
quist* 1 diet). The chicks were 2 weeks old at the time of testing and 
most of them showed the characteristic hemorrhages caused by pro- 
thrombin deficiency resulting from an inadequate vitamin K supply. 
Doses of oxalic acid varying from 1 y to 25 y per chick were used 
and in no case was the clotting time reduced to normal. A dose of 
3.5 y per chick corresponds to the human dose given by Steinberg. 
Two chicks showed clotting times of less than 30 minutes, but this 
is not significant since controls occasionally showed similar results. 
Although one of the saline controls clotted at 31 minutes, the ma- 
jority showed no clotting within 2 or 3 hours. Administration of 
vitamin K returned the clotting time to normal (not included in 
table). In normal chicks a dose of 2 y per chick had no effect. The 
chicks used in the entire series ranged in weight from 50 to 145 g 
with an average of 9S g for 83 clucks. 

Rabbit blood made deficient in coagulability by administering 
near threshold doses of heparin intravenously was unaffected by 
small intravenous doses of oxalit acid. With the doses of heparin 
used the clotting time returned to normal in about one hour. Heparin 
is generally considered as antiprothrombin and the heparinized animal 
is therefore comparable to the vitamin K-deficient chick, prothrom- 
bin being absent (or greatly diminished) in the latter and immo- 
bilized in the former. Only a few tests were run, and while the 
data were limited, there was no indication of any effect in the 
doses used nor evidence warranting more extended trials. 

The literature describes oxalic acid as being a normal constituent 
of blood and other body tissues. The concentration changes in 
various conditions but there is no evident parallelism to changes in 
coagulation. During narcosis it increases in bile and in the urine. ^ 
This increase is attributed to anoxemia and Kamiya a nd others 

rXtaquTst, H. ,T., ,7. Biol. Cl, cm., 1936, 114, 241. 

0 Rorgstrocm, S,, Sl'atul. arch. Physiol., 1937, 77, 1C. 

JO Borgstroem, S., Slant!. arch. Physiol., 1938, 79, 1. 

n Kamiya, S., .Tap. J. Med. Sci. 11, Biochem., 1937, 3, 301. 
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scale, the cyclical blood flow observed by Knisely"’ 3> 1 in the venous 
sinuses. 

The venous sinuses and intralobular veins are passive recipients of 
blood. Their walls reveal innumerable stigmata, offering little or no 
obstruction to the influx of erythrocytes, and permitting the passage 
of lymphocytes and larger white cells with varying degree of dis- 
tortion. In the absence of extrinsic interference with venous drain- 
age, the sinuses swiftly transmit to the larger venous tributaries the 
blood which enters them from the pulp spaces. The only vascular 
sphincteric action that we have observed in the spleen pulp is ex- 
hibited by the arterioles and arterial capillaries, which are inter- 
mittently constricted, either individually or in groups. 

Agonal vascular disintegration, as described by Knisely, 4 has not 
been apparent in our preparations. Because of extreme capsular con- 
traction, in the absence of positive arterial blood-pressure, the pulp 
of the dying spleen pales to a degree that is never otherwise attained. 
Having seen intracellular erythrocytes in living, normal splenic pulp, 
we are not satisfied with Knisely’s assumption that phagocytosis of 
red cells is, in this situation, a purely agonal phenomenon. In effect, 
the spleen pulp acts as a filter, separating red cells from plasma, and 
removing foreign particulate matter, including certain erythrocytes, 
from the circulating blood. We have watched the appearance of 
India ink particles, inside pulp phagocytes, less than 20 seconds fol- 
lowing their peripheral intravenous injection. 

From the standpoint of reservoir function, the reaction which 
might be termed the ‘emergency response’ of the spleen, as clas- 
sically demonstrated in the gross by Barcroft 5 ’ 0 and his colleagues, 
was consistently reproduced in our experiments by such factors as 
electrical stimulation of the pedicle nerves, adrenalin, exercise, anox- 
emia, hemorrhage and temperature changes. Microscopically, the 
response consisted of pulp compression and arterial constriction, 
leading to obliteration of the extravascular spaces and consequent 
mobilization of a quantity of relatively concentrated red cells. 

Because of the pitfalls inherent in the technic of living tissue 
transillumination, our conclusions are necessarily tentative. We are 
reasonably convinced, however, that the circulatory systems of the 
spleens we have examined are ‘open’ ; that, in other words, they lack 

2 Knisely, H. H., Proc. Soc. Exp. Biol, and Med., 1934, 32, 212. 

3 Knisely, M. H., Anat. Sec., 193G, G5, 23 

4 Knisely, M. H., Anat. lice., 1930, 05, 131. 

o Barcroft, J., Lancet, 1925, 1, 319. 

« Barcroft, J., Lancet, 1926, 1, 544. 
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(sodium anivtal, Lilly) provided adequate narcosis without dis- 
turbing the animal’s position, Methods were devised for variously 
stimulating the spleen during the period of observation. The albino 
mouse was studied in greatest detail. It was noted, however, that 
the circulatory mechanisms of all species investigated presented fun- 
damental similarities, which seemed to justify the following gen- 
eralizations. 

The afferent capillaries of the pulp communicate with naked pulp 
spaces at the point where their terminations are marked by ampullary 
dilatations and diminished mural refractility. No preformed, i n- 
tactlv lined connections between the arterial and venous systems in 
the spleen have been as yet conclusively demonstrated in our prep- 
arations. The break in vascular continuity is obvious in a relaxed 
or distended spleen, where the walls of the pulp channels are seen to 
be composed of spherical, oval or polyhedral cells and vague, linear 
shadows, suggestive of reticulum fibers; but, when the spleen is 
contracted, it is difficult to detect, because the residual channels, sur- 
rounded by compressed pulp cells, then assume the appearance of 
completely walled vessels, connecting arterial capillaries with venous 
sinuses and intralobular veins. 

The capacity of the pulp is a function of capsular contraction, 
which takes place rhythmically as well as in response to specific stim- 
ulation. The behavior of the individual pulp spaces is additionally 
governed by arterial and venous blood-pressure variations, rela- 
tionships to neighboring channels, the obstructing action of mi- 
grating leucocytes, derived either from the pulp cords or from asso- 
ciated arterial capillaries, and by swelling or shrinkage of the reticu- 
lar stroma. 

The pulp space is the most variable structure in the transillum- 
inated spleen. It may convey, at different times, plasma almost 
devoid of red cells, rapidly flowing blood of normal cellular content, 
or slowly oozing, highly concentrated red cells. When the narrower, 
efferent end of the pulp channel is blocked by transient leucocytes, 
or by some other factor, blood accumulates within it. If, at this 
time, the adjacent pulp cells happen to be compressed, the channel 
becomes distended, and the blood within it acquires such concen- 
tration that the contours of individual erythrocytes are scarcely 
visible. In the absence of pulp compression and concomitant arterial 
constriction, the column of blood is obstructed momentarily, but 
rapidly alters its course and penetrates alternative passages to the 
nearest venous tributary. In our experience, this intermittency of 
circulation in the pulp most closely resembles, on a much smaller 



Circulation of Blood in Traxsillumixated Spleens 141 

scale, the cyclical blood flow observed by Ivnisely"' 3 ’ 4 in the venous 
sinuses. 

The venous sinuses and intralobular veins are passive recipients of 
blood. Their Avails reveal innumerable stigmata, offering little or no 
obstruction to the influx of erythrocytes, and permitting the passage 
of lymphocytes and larger white cells with varying degree of dis- 
tortion. In the absence of extrinsic interference with venous drain- 
age, the sinuses swiftly transmit to the larger venous tributaries the 
blood which enters them from the pulp spaces. The only vascular 
sphincteric action that we have observed in the spleen pulp is ex- 
hibited by the arterioles and arterial capillaries, which are inter- 
mittently constricted, either individually or in groups. 

Agonal vascular disintegration, as described by Ivnisely, 4 has not 
been apparent in our preparations. Because of extreme capsular con- 
traction, in the absence of positive arterial blood-pressure, the pulp 
of the dying spleen pales to a degree that is never otherwise attained. 
Having seen intracellular erythrocytes in living, normal splenic pulp, 
we are not satisfied with Knisely’s assumption that phagocytosis of 
red cells is, in this situation, a purely agonal phenomenon. In effect, 
the spleen pulp acts as a filter, separating red cells from plasma, and 
removing foreign particulate matter, including certain erythrocytes, 
from the circulating blood. We have watched the appearance of 
India ink particles, inside pulp phagocytes, less than 20 seconds fol- 
lowing their peripheral intravenous injection. 

From the standpoint of reservoir function, the reaction which 
might be termed the ‘emergency response’ of the spleen, as clas- 
sically demonstrated in the gross by Barcroft 5 ’ 6 and his colleagues, 
was consistently reproduced in our experiments by such factors as 
electrical stimulation of the pedicle nerves, adrenalin, exercise, anox- 
emia, hemorrhage and temperature changes. Microscopically, the 
response consisted of pulp compression and arterial constriction, 
leading to obliteration of the extravascular spaces and consequent 
mobilization of a quantity of relatively concentrated red cells. 

Because of the pitfalls inherent in the technic of living tissue 
transillumination, our conclusions are necessarily tentative. We are 
reasonably convinced, however, that the circulatory systems of the 
spleens we have examined are ‘open’ ; that, in other words, they lack 

2 Knisely, M. H., Proc. Soc. Exp. Biol, and Med., 1934, 32, 212. 

3 Knisely, M. H., Aval. Bee., 1936, 05, 23 

4 Knisely, M. H., A wit. Bcc., 193G, G5, 131. 

5 Barcroft, J., Lancet, 1925, 1, 319. 

o Barcroft, J., Lancet, 1926, 1, 544. 
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(sodium nmytal, Lilly) provided adequate narcosis without dis- 
turbing the animal’s position. Methods were devised for variously 
stimulating the spleen during the period of observation. The albino 
mouse was studied in greatest detail. It was noted, however, that 
the circulatory mechanisms of all species investigated presented fun- 
damental similarities, which seemed to just if}' the following gen- 
eralizations. 

The afferent capillaries of the pulp communicate with naked pulp 
spaces at the point where their terminations are marked by ampullary 
dilatations and diminished mural refractility. No preformed, in- 
tactlv lined connections between the arterial and venous systems in 
the spleen have been as yet conclusively demonstrated in our prep- 
arations. The break in vascular continuity is obvious in a relaxed 
or distended spleen, where the walls of the pulp channels are seen to 
be composed of spherical, oval or polyhedral cells and vague, linear 
shadows, suggestive of reticulum fibers; but, when the spleen is 
contracted, it is difficult to detect, because the residual channels, sur- 
rounded by compressed pulp ceils, then assume the appearance of 
completely walled vessels, connecting arterial capillaries with venous 
sinuses and intralobular veins. 

The capacity of the pulp is a function of capsular contraction, 
which takes place rhythmically as well as in response to specific stim- 
ulation. The behavior of the individual pulp spaces is additionally 
governed by arterial and venous blood-pressure variations, rela- 
tionships to neighboring channels, the obstructing action of mi- 
grating leucocytes, derived either from the pulp cords or from asso- 
ciated arterial capillaries, and by swelling or shrinkage of the reticu- 
lar stroma. 

The pulp space is the most variable structure in the transillum- 
inated spleen. It may convey, at different times, plasma almost 
devoid of red cells, rapidly flowing blood of normal cellular content, 
or slowly oozing, highly concentrated red cells. When the narrower, 
efferent end of the pulp channel is blocked by transient leucocytes, 
or by some other factor, blood accumulates within it. If, at this 
time, the adjacent pulp cells happen to be compressed, the channel 
becomes distended, and the blood within it acquires such concen- 
tration that the contours of individual erythrocytes are scarcely 
visible. In the absence of pulp compression and concomitant arterial 
constriction, the column of blood is obstructed momentarily, but 
rapidly alters its course and penetrates alternative passages to the 
nearest venous tributary. In our experience, this intermittency of 
circulation in the pulp most closely resembles, on a much smaller 
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vertical position. Current was supplied to the arm baths at 11,160 
cycles/second by the measuring instrument. 3 About 90% of the 
resistance measured by this method is due to the unimmersed seg- 
ment. 4 Measurements over a control period of 2 hours were repro- 
ducible within i:2 % and were made one minute after immersion. 

The test subject excreted 150 cc of urine during the injection 
period (1 hour). Although the volume of retained saline (about 
850 cc) was less than 2% of the total body weight (50 kg), a 
decrease of 10% in the measured resistance was observed. Confirm- 
ing tests on a number of additional subjects yielded changes of the 
same order. 

This surprisingly large decrease in body resistance demanded an 
explanation and the following working hypothesis was adopted. It 
is known that, when isotonic saline is injected intravenously, it does 
not distribute itself uniformly throughout the tissues but, after 
leaving the vascular system, accumulates in the extracellular or 
interstitial spaces.’ Since these spaces are estimated to constitute 
only 20-30% of the total tissue volume.’ a given volume of saline 
entering an extremity such as the arm, either fills in or increases the 
cross-section of the interstitial spaces by 3-5 times the amount that it 
would if it were also taken up intracellularly. The interstitial 
spaces in the arm lie in parallel relation to the muscle fibers. Current 
flowing along the arm splits up into parallel paths, part flowing along 
the inside of the muscle fibers and the rest along the interstitial spaces 
outside the latter. In the chest segment the current splits to flow in 
parallel paths through the chest muscles on the one hand and through 
the lung on the other. The reduction in resistance of the inter- 
stitial branches of these parallel circuits is the cause of the com- 
paratively large resistance drop. 

The distribution of extracellular isotonic saline following intra- 
venous injection is variously reported in the literature. Skelton, 0 
working with cats, found that none of the saline reached the muscles 
but was absorbed mainly by the skin. Hastings and Eiehelberger, 7 
on the contrary, working with dogs, traced considerable saline into 
the extracellular spaces of the muscles. The subject has been re- 
viewed by Adolph. 8 From the electrical standpoint, whether the 
saline accumulates between the muscle fibers or in the subcutaneous 

4 Horton, J. W., Van Rnvenswaaj-, A. C., Hertz, S., and Thorne, G., Endocrin., 
1936, 20, 72. 

*' Peters, J. P., Body TTater, C. C. Thomas, Baltimore, 1935. 

® Skelton, H. P., Proc. Soc. Exp. Biot,, and Med., 1925-G, 23, 499. 

7 Hastings, A. B., and Eiehelberger, L., J. Biol. Chen., 1937, 117, 73. 

6 Adolph, E. F., Physiol. Bev., 1933, IS, 330. 
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the type of connection which commonly links arterial and venous 
capillary networks; that the pulp space — not the venous sinus — is 
the primary physiological unit of the splenic vascular mechanism; 
and that contraction of the capsule and trabeculae may convert the 
structurally ‘open' circulation of a relaxed or distended spleen into a 
functionally ‘closed’ circuit. 
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Electrical Method for Studying Water Metabolism and Trans- 
location in Body Segments. 

A. Barnett. (Introduced by M. M. Harris.) 

From the Deportment of Psychiatry, X. V. State Psychiatric Institute anti 
Hospital, Xcw Yorl: City. 


Although the electrical resistance of a mummified arm would, 
obviously, be very much greater than that of a fresh cadaver, no 
serious attempt has ever been made to measure the water content of 
a body segment in terms of its electrical resistance. One of the 
rca sons for this would appear to have been the lack, until compara- 
tively recently, of technics which would permit resistance measure- 
ments to be made. Using alternating current, it has now become 
possible to measure, with a fair degree of accuracy, not only the 
resistance of various parts of the arm-to-arm segment in man (the 
upper arm, the chest segment alone or the arm and chest segments 
together) but also changes in their dielectric properties. 1- 3- 3 

Hydration. In order to test out the possibility of measuring 
body water changes electrically, a liter of isotonic saline solution 
was injected intravenously into a normal individual weighing 50 kg 
who had been deprived of fluids for 3 hours previously and the 
electrical resistance of the arm-to-arm segment was measured before 
and 30 minutes after the injection. Resistance measurements were 
made by the immersion method at room temperature. The subject 
stood before a table 32 inches high and immersed the forearms in 
9 liters of normal saline (11 cm deep) contained in a pair of arm 
baths supported on the table so that (1) the elbows rested on the 
arm-bath bottoms and (2) the up per arms were in a substantially 

1 Horton, J. W., and Van Ravcnswany, A. C., J- Frank. Inst., 1935,^220, 557. 

2 Barnett, A., and Bagno, S., Proc. Soc. Exp. Biol, as d Med., 1937, 36, 543. 

3 Barnett, A., West. J. Surg,, 1937, 45, 3S0. 
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(issues, the current path stili remains a parallel one and the infiltrated 
saline shunts the intracellular branch of the circuit. 

Since the cell walls in the arm are known to be dielectrics having 
capacitative properties, a change in arm resistance should modify the 
Q- factor which is the ratio between the reactances, due to these 
capacitances, and the resistance. Q-factor measurements were, there- 
fore, made of a 10 cm length of the deep tissues of the right upper 
arm by the 4-electrode technic 1 * =* 5 before and after the injection of a 
liter of saline. 

Results are given in Table I for 10 subjects on whom measure- 
ments of both resistance and Q-factor were made. Nine of these 
subjects were mental patients with negative physical findings. 

The resistance changes vary from 9 to 17% with a mean of 11.4% 
and the Q-factors from 12 to 27% — mean 17.5%. Normal subject 
A.B. is remarkable for the large changes in the electrical values 
despite the retention of only 440 cc of saline. Subject C.P. was given 
an injection of 2 liters of saline over a period of 2 hours. 1250 cc 
were retained. The resistance change was 60 ohms and the Q-factor 
decreased 0.02S (27%). Subjects C.P. and M.B. were given in- 
jections of one liter of Ringer's solution instead of isotonic saline. 
No significant difference in the order of the electrical changes was 
observed. 

Resistance measurements were made on 3 subjects Zyi hours and 
24 hours after the end of the saline injection. The resistances 
after the 3j^-hour interval were still decreased but had moved back 
towards the preinjection level roughly in proportion to the volume of 
urine excreted which took place at the rate of approximately 100 cc 
per hour. At the end of 24 hours, the resistances had returned to the 
preinjection levels. 

Blood pressure measurements made before, after and during saline 
injections showed variations of the order of ±10 mm which may 
be considered as not significant. 

Dehydration. As a test of the reversibility of resistance measure- 
ments, a female subject weighing 63 kg and normally excreting 
1500-1700 cc of urine daily, was put on a restricted fluid intake of 
500 cc daily and 50 cc of 50% glucose was given intravenously twice 
daily* for 3 day's. Her body resistance was 200 ohms at the begin- 
ning of the experiment. On the fourth day, there had been a total 
weight loss of 2 kg, the urine output had descended to 600 cc for the 
previous 24-hour period and the body resistance had risen 45 ohms, 
from 200 to 245 ohms. 

Clinical Applications. ( 1 ) A female patient 16 years of age and 
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factor decrease following infusion of isotonic saline. This is to be 
expected in a parallel type of circuit. In a circuit of the series type, 
a decrease in resistance would result in an increased Q. The studies 
here presented are of a preliminary nature and do not permit a 
judgment as to the contributory role of the various anatomical 
elements lying along the current path to the total result. A rough 
analysis of the probable relative effects of the extracellular and 
intracellular phases has been presented for the particular case 
where isotonic saline is injected intravenously. It is possible that 
vascular factors also intervene. Studies along these lines are now 
in progress. 

I am indebted to A. N. Mayers for assistance during part of this 
investigation. 
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Action and Toxicity of Vitamin B 0 Hydrochloride. 

C. G. Weigand. Charles R. Eckler and K. K. Chen. 

From Vie Lilly Research Laboratories, FU Lilly and Company, Indianapolis. 

In view of the increasing interest in vitamin Bo 1 ' 1 as a nutritional 
accessory, the present investigation was undertaken in order to 
determine the degree of potency and limits of toxicity. All experi- 
ments were carried out with crystalline vitamin B 0 hydrochloride, 
m.p. 212°C (corrected) with effervescence. 

General Properties. Vitamin B r , • HC1 is easily soluble in water. 
Its aqueous solutions are acid in reaction. A 1 % solution has a pH 
of 2.44. In vitro a quantity of 4 mg caused hemolysis of sheep’s 
washed erythrocytes, but if it was previously neutralized, no laking 
took place. Obviously the hemolytic effect was due to the acidity. 
When a Ifo solution of B„ • HCi in the amount of 0.5 cc was in- 
jected both subcutaneously and intramuscularly into 3 rabbits, 
practically no irritation occurred, but when 0.1 cc of the same 

1 GySrgy, P., Kature, 1934, 1SS, 498; J. Am. Chrni. Soc., 1938, 60, 983. 

-Fouts, P. J., Helmer, 0. M., and Lepkovsky, S., Pkoc. Soc. Exp. Biol, and 
Med., 1939, 40, 4; Am. J. Med. Sc., 1940, 109, 103. 

s Spies, T. C„ Bean, W. B., and Ashe, W. F., .T. A. M. A., 1939, 112, 2414. 

4 Kark, It., Lozuer, E. L., and Meiklejolm, A, P., Pkoc. Soc. Exp. Biol, and 
Med., 1940, 441, 97. 
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weighing 82 lb diagnosed as an hysteric had lost weight progressively 
as a result of prolonged vomiting. The vomiting episodes lasted for 
periods of several days during which time the patient regurgitated all 
food and liquid immediately after ingestion by inserting her fingers 
into her mouth to induce the vomiting reflex. The body resistance 
measured by the immersion method after 2 days of continual vomit- 
ing was the highest ever observed in a human subject — 445 ohms. 
Suddenly the vomiting ceased and the patient ingested large quanti- 
ties of food and liquid over a period of 4S hours. Tiicre was a gain 
in weight of 1 y 2 kg. At this point the body resistance was found to 
be 405 ohms. An injection of one liter of isotonic saline was then 
given over a period of one hour intravenously. 745 cc were re- 
tained. The resistance fell from 405 to 334 ohms, a change of 71 
ohms. 

(2) Resistance measurements were made in 2 cases of involu- 
tional melancholia (females) under treatment with testosterone pro- 
pionate which is now widely used for menopausal disturbances. 0 
25 mg were given intramuscularly thrice weekly. Zuckerman and 
Bourne"' have shown that, in primates, injections of testosterone 
propionate cause water retention. Recently Kenyon" and his co- 
workers have reported that this substance also produces water 
retention in man (normals). In both cases under treatment a pro- 
gressive drop totaling about 10% in body resistance was observed 
in the course of a month. The absolute changes were 290 to 260 
ohms and 2S5 to 251 ohms. Spontaneous resistance changes of this 
magnitude are not observed in conditions of this kind. 

(3) Transverse resistance measurements were made on a female 
exhibiting a cyclic oedema of the ankles coincident with each men- 
strual period. The circumference at the ankle level increased by 
4 cm during periods. Concentric electrodes 10, 11 were mounted on the 
leg by means of rubber bands at a level 3 inches above the ankle 
so that the current passed diametrically from the internal to the 
external lateral sides and the resistance of the deep tissues between 
electrodes was measured at, and 2 weeks after, a period. The meas- 
ured resistance increased from 1 IS during oedematotis infiltration 
to 212 ohms, when the oedema had been resorbed. 

Remarks. It is important to note that both the resistance and Q- 

9 Kurzrock, L , Birnberg C. H., .ind Luingston, S„ Entlocntm 1339, 24, 347 

Id ZuckeriiKin, K., Pnlmci, A , and Bourne, G., Xa/iirc, 1030, 143, 521. 

11 Ken} on, A. T., Kmmlton, K., Snndifoid, I., Koc.li, F. C., and Lmwn, G, 
Enilocnn , 1940, 20, 2G. 

12 Bninttt, A , .7. Physiol , 193S, 1)3, 349. 

1 1 Barnett, A.. Vest. J. Surg., 193 7, 43, 322. 
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by subcutaneous and oral administration has been estimated by 
Unna and Antopol.* 

Repeated Administration. Five mice were injected by the tail 
vein with daily doses of 100 mg per kg except Saturdays and Sundays 
for 2 weeks. AH of them gained weight during the course of medica- 
tion. Upon sacrifice, no pathological changes were detected. 

In Men. Twelve young male adults consented to take B e *HCl 
by different routes as shown in Table II. The drug was dispensed 
in capsules for oral use, but made into 2.5 fa solution for injection 
purposes. Briefly, it may be stated that no ill effects were observed 
when Be • HCI was given either by mouth or by intravenous in- 
jection in the dosage of 100 to 200 mg. Pain uniformly occurred 
when the drug was injected intramuscularly, perhaps due to its 

TABLE II. 


Action of Vitamin B c . HCI in Men bj Various Boutes of Administration, 





Dose, mg 



Subject 

Xo. 

Age 

r 

Oral 

Intra- 

muscular 

Intra- 

venous 

Beactioas noted 

1 

22 

100 

50 

100 

Xone 

“Sore” at «ite of injection for 1% hours 
Xone 

2 

42 

100 



1 1 

3 

33 

100 



1 7 

4 

40 

100 



1 7 

5 

24 

100 

50 

100 

17 

“Aching” for 13 min 

Xone 

C 

33 


50 

100 

“Burning” for 13 min 

Xone 

7 

28 


50 

100 

“Sore” for 2 hr= 

Xone 

8 

30 


50 

100 

“Sore” for 15 min 

Xone 

9 

28 


50 

100 

“Aching” for 2 brs 

Xone 

10 

21 



200 

17 

11 

29 



200 

7 t 

12 

21 



200 

1 1 

e Unna, K., 

and Antonol, W., Peoc. So E:- n>. Bror,. a:,'d JIed.. 1940, 43. 110. 





148 


Action and Toxicity of B, 


solution was injected intracutaneously, congestion was evident for 
more than 4 days in 2 out of 3 animals. 

Potency. In addition to physical and chemical characterization, 
crystalline vitamin B„ may be assayed biologically. For this pur- 
pose, young rats of 21 to 23 days of age were fed a ration com- 
posed of sucrose 67%, vitamin-free casein 20%, McCollum's salt 
mixture No. 185 4%, Crisco 3%, liver filtrate free from B 0 2%, 
cod liver oil 2%, and agar 2%. In addition, each animal received 
daily doses of 20 y each of thiamin chloride and riboflavin. Towards 
the end of 6 to 8 weeks, these rats developed typical signs of B«- 
avitaminosis — acrodynia and inhibition of growth. They were then 
treated individually with single doses of various size by mouth, and 
examined daily for 2 weeks. In a group of 60 rats, it was found 
that a dose of 40 to 60 y cured acrodynia in an overwhelming ma- 
jority of the rats within 14 days. Meanwhile, there was a decisive 
increase in their body weights. These results are comparable to those 
of Reedman, Sampson, and Unna. 5 For testing the potency of a new 
lot of B„- HCl, it has been the practice of this laboratory to de- 
termine the median curative dose for acrodynia (CD ;o ), and com- 
pare it with the CD.™, determined simultaneously, of the purest lot 
which is being preserved as a standard. 

Acute Toxicity. By intravenous injection, the median lethal dose 
(LD:. 0 ) of Bo’* IiCl in mice was found to be 545.3 ± 42.9 mg per 
kg, and that in rats 657.5 S: IS. 3 mg per kg. The data are shown 
in Table I. Tonic and then clonic convulsions occurred, and death 
followed rapidly. Animals either completely recovered or suc- 
cumbed within 5 minutes after injection. No after effects were 
noted in the surviving rats. The acute toxicity of B c • HCl in rats 


TABLE I. 


Toxicity of Vitamin Br • HCl 

in Mice ami Bats bv Intravenous Injection. 



No. died 

ld 50 ± 

Cone, of solution, 

Bose, 


Standard error. 

Animal Si 

mg per kg 

No. used 

mg per kg 

Mice 1 

300 

0/5 

545.3 ± 42.9 

400 

1/5 



500 

3/5 



GOO 

3/5 



TOO 

3/3 


Bats 5 

500 

GOO 

0/3 

1/5 

657.5 ± IS. 3 


650 

4/10 



700 

4/5 

. _ 

B Bee dm a a, E. J-, Sampson, W. 

L., and TInna, 

Pkoc. So c. Kxr. Biol, and 

Med., 1940, 43, 112. 
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changes. 5. No ill effects occur in men when B„ • HC1 is adminis- 
tered orally or intravenously in the dosage of 100 to 200 mg. Pain 
occurs when the drug is injected intramuscularly. 6. In the concen- 
tration of 1 :8000, B« • HC1 inhibits isolated rabbit’s small intestines, 
but contracts the isolated guinea pig’s uterus. 
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Effects of Subcutaneous Injection of Estrogen upon Skeleton in 

Immature Mice. 

Charles J. Sutro. (Introduced by H. L. Jaffe.) 

From the Laboratory Division, Hospital for Joint Diseases, Xew Yorh City. 


It is known that the subcutaneous administration of estrogen 
produces osteosclerosis in immature mice. 1 Hitherto, however, de- 
tailed roentgenographic and histologic studies explaining the mode 
of development of the osteosclerosis have been lacking. This paper 
reports such an investigation. 

The study was conducted upon 66 immature mice, some of the 
C 3 H strain and some from stock colony of the Rockland Farms. 
The experimental subjects received subcutaneous injections of 
estradiol benzoate in sesame oil* each week for a certain number of 
weeks. The control animals received injections of sesame oil for 
corresponding periods of time. 

At the expiration of the total period allotted for the experiment, 
the animals were roentgenographed and autopsied. The skeletal 
tissues [femur, tibia, humerus, vertebral column, calvarium, ribs, 
pelvis, foot and jaw (including incisors)] were fixed in Helly’s 
fluid, decalcified in 5% nitric acid, embedded in paraffin and stained 
with hematoxylin and eosiu. The soft tissues were likewise pre- 
pared for histologic examination. 

Table I summarizes the organization of the experiments. 

The control mice received weekly injections of sesame oil. 

Roentgenographic and Gross Pathologic Findings: Roentgeno- 
graphic examination reveals that in immature mice osteosclerosis, 
caused by the formation of new bone in the medullary cavity, es- 
pecially in the lower end of the femur and upper end of the tibia, 

i Gardner, W. U., and Pfeiffer, C. A., Prcc. Soc. Exp. Biol, and Med., 1938, 
37, G78; ibid., 1938, 38, 599. 

* Progynon-B ivas generously supplied by Sobering Corporation. 
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acidity. In 3 out of 6 cases, it lasted as long as 1 14 to 2 hours. No 
other toxic manifestations were noted. 

Other Effects. Casual observations were made on cats’ blood 
pressure and respiration. Doses of 100 nig did not alter the pulse 
nor the respiratory rate; nor did they change the height of 
carotid pressure. Appropriate concentrations ( 1 ;S000) of IV HC1 
caused brief inhibition of isolated rabbit's small intestines with 
prompt recovery, and contraction of the isolated guinea pig's uterus. 
The response here was not due to a low pH, because controls with 
the same acidity did not reproduce these results. 

Summary. 1. Vitamin 11,. " MCI is acid in reaction which may be 
responsible for certain irritating effects in body tissues. 2. A method 
of bioassay has been described based upon the curing of rats' acro- 
dynia. 3. The acute toxicity of IVIIC1 in mice and rats by intra- 
venous injection has been determined. 4. Mice can tolerate repeated 
doses of 100 mg per kg. given intravenously, without pathological 

1 ,1 | B 
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Fig. 1. 

Action of Vitamin B,. IIO on Isolated Smooth Muscle Organs. 

A The peristaltic mmcnients of a strip of a rabbit’s small intestines immersed 
in Tyrone's* solution at 3 ST. At arrow. 0.5 cc of 2.5% solution of B s IIC1 was 
applied (making the concentration 1 :S000). There was a brief inhibition followed 

b ' V nt inyog^mof a horn of a virgin guinea pig ’s uterus immersed m Tyrode’s 
solution at 38°C. At arrow, the same amount of B„ HOI as -iboie was aimed, it 
resulted in a contraction. 
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In general, the length of the skeleton, including that of the cal- 
varium, is somewhat less in the experimental animals than in the 
controls.^ This is especially true of the animals treated for 3 or 
more months. 

Along with the rather general sclerotic changes and inhibition of 
growth, there is evidence of resorption in the pubic bones. This 
commences in the body of these bones and advances along the 
superior and inferior ramus. These transformations may be ob- 
served after 4 or more weekly injections of 500 rat emits ot estrogen. 
It such injections are continued for 8 weeks, the superior ramus of 
the pubic bone becomes very short, thin and dense. In many cases 
in which the administration of estrogen is continued for 12 or more 
weeks, the entire pubic bone undergoes resorption. 

Histologic examination of the skeletal tissues of representative 
animals in each group reveals that the epiphysial plates — especially 
of the bones of the knee joint — are quickly affected. The columns 
of hypertrophic cells are diminished in height and their matrices show 
premature calcification. The activity of the resting and proliferating 
cells is likewise inhibited, in that their rate of division is retarded. 
The number of cartilage cells in the epiphysial plate is diminished to 
a slight degree. A striking finding is the absence of the columnar 
arrangement of newly formed trabeculae in the zone of provisional 
calcification. Instead of this arrangement, one finds a disorderly 
agglomeration of blood vessels which have erupted into the growth 
plate and which may have reached the level of the proliferating cells. 
Around the numerous blood vessels, new bone has formed by means 
of osteoblastic activity in the connective tissue in the region of the 
zone of provisional calcification. 

The new trabeculae of bone contain very small amounts of car- 
tilaginous matrix. Instead of growing in a normal strictly vertical 
plane, the sheets of new bone develop in a disorderly fashion; a good 
many are in a horizontal plane. Most of the trabeculae fuse to form 
an almost solid block of bone. 

The new bone rapidly fills up the medullary cavity. It advances 
into the diaphysial marrow cavity by spreading along the endosteal 
surfaces of the cortices. 

It is interesting that in a group of female mice (Series 3) new 
bone tormation was associated with resorptive phenom ena. Specifi- 
cally. the vessel canals were found enlarged in the cortices of the long 
bones and m the tables of the calvarium. Furthermore, in many 
places. the linings of these canals showed occasional osteoclasts. 
-Zcndeh. B., Fo’.-q C7in. Ow,;. 1537, 1. L 
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TABLE I. 


Series 

Strain 

>*o. of immature 
mice 


Weekly (lose 
of estrogen 
It.U. 

Xo. of ne( 
treated 

Exp. 

— ^ 

Control 

1 

Tv. Farms 

~<r 

G 

Female 

1000 

2- 5 

oo 

’> )! 

r, 

0 

ILilc 

000 

5-10 

21 

C;;H 

n 

l 

7 

Female 

500 

0-12 

30 

It. Farm*! 

.*> 

5 

f i 

500 

8-20 

3 

>> > t 

*> 

3 

i t 

300 

4-14 

o 

!> >> 

r, 

0 

j f 

150 

8-22 


follows upon subcutaneous administrations of estradiol benzoate in 
sesame oil. \\ hen 1000 rat units of estrogen have been given for 

3 or 4 successive weeks, an area of increased density is already 
observed in the sub-epiphysial plate regions of the bones contributing 
to the knee joint. When the estradiol is given over the longer 
periods of time and in the larger doses, the dense shadow advances 
into, and may obliterate the medullary cavity. After administering 
500 rat units of estradiol benzoate each week for 2 or 3 months, 
one notes an osteosclerosis of the distal third of the femur as well 
as of the proximal third of the tibia. This change occurs in both 
the male and female mice, but is somewhat less marked in the former. 

The administration of 500 rat units of the estrogen per week for 

4 or 5 months provokes a more generalized osteosclerosis. It may 
obliterate a considerable part of the medullary cavity and also cause 
a pronounced thickening of the cortices of all the long bones. The 
epiphyses, especially of the femur and tibia in the knee joint, are 
similarly transformed. The vertebral column also undergoes such 
changes. In the vertebrae, the sclerosis makes its first appearance 
in the zone of provisional calcification and then advances from the 
caudal and cephalad surfaces toward the middle of the vertebral body. 

It is interesting that at no time were isolated foci of osteosclerosis 
observed. Furthermore, where cortical thickening is present, it 
seems to be the result of partial obliteration of the metaphysial or 
diaphysial medullary cavity. No periostitis is evident. The cal- 
varium in general tends to become sclerotic, and usually does so 
after 3 or more months of administration of the estrogen in doses 
of 500 rat units per week. The density of the incisor teeth is some- 
what increased. From some of the roentgenographs one gains the 
impression that the pulp spaces of the incisors and especially of the 
lower ones, are diminished in size. 

Injections of 150 rat units of estradiol benzoate per week for - 
or 3 months, likewise causes a productive osteosclerosis, but to a 

lesser degree. 
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Reversibility of Digitalis Action.* 

George H. Paff and Ben B. Johnson. (Introduced by S. R. M. 

Reynolds. ) 

From the Department of Anatomy, Long Island College of Medicine, 
Brooklyn, A. Y. 

In Cushny's monograph on digitalis one reads the following re- 
garding drugs of the digitalis group, “The action of these drugs is 
therefore reversible only in the earlier stages, and that slowly and 
with difficulty ; later the process becomes irreversible, and the poison 
can be displaced neither during life nor by the use of chemical sol- 
vents after death.” 1 Again, Straub," speaking of the excised adult 
heart treated with digitalis, states “the final effect, after it has once set 
in, cannot be removed by any amount of washing. The reaction of the 
digitalis glucoside with the heart muscle is not reversible, and the 
heart is killed.” This opinion is widespread. 

In contrast to the idea of irreversibility of digitalis action, 
Kingisepp 3 demonstrated the ability of electrically driven isolated 
frog ventricles to respond to digitalis wash-out. Arrested ventricles 
were made to return to their original amplitude of response as meas- 
ured “by the isochoric response.” In the present work further 
evidence as obtained from the study of the embryonic heart is given. 
After complete stoppage it has been possible to revive the hearts and 
return them to entire normality. Before presenting our data we 
wish to express a warm sense of appreciation for Doctor Torald 
Sollmann’s kindly aid. 

Method . Three drugs were used: ouabain in 1 TOO, 000 dilution; 
tincture of digitalis in 1 :100 dilution made from Reference Digi- 
talis Powder according to U.S.P. XI; and digitoxin, as much as 
would dissolve in Tyrode solution in an hour’s time. In each case 
the diluent was glucose-free Tyrode solution at pH 7.4. 

The ventricle and conus of chick embryos (hereafter called ven- 
tricle), incubated for 48 hours, were excised and placed in a drop 
of Tyrode solution in a well slide. A coverslip was set over the well 

* Tiiis research was made possible by a grant from the Council on Pharmacy 
and Chemistry of the American Medical Association and a grant from the John 
and Mary B. Markle Foundation. 

l Cushny, A. B., The Action and Uses in Medicine of Digitalis and Its Allies, 
p. 80, Longmans, Green and Co., New York, 1925. 

- Straub, W., Stanford University Publications, Medical Sciences, 1929, 3, 45. 

3 Kingisepp, G., J. Pharm. and Exp. Therap., 1935, 55, 377. 
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The region of the zone of provisional calcification of the bones com- 
prising the knee joint presented a very loose vascular osteogenic 
tissue in which areas of new bone were forming. The connective 
tissue spread for a considerable distance into the diaphysial portion 
of the marrow cavity. In the calvarium, the newly formed intra- 
medullary connective tissue appeared to arise from the stroma of 
suture lines. 

In the other series of animals, the bone-forming elements were 
predominant. In fact, the new bone may fill a large portion of the 
medullary cavity and replace a considerable amount of the lymphoid 
marrow. Although the most obvious effects occur in the metaphysial 
region of the bones of the knee joint, the upper end of the femur 
and the humerus, and the vertebral bodies become similarly involved, 
though to a lesser degree. Replacement of the lymphoid marrow 
by new bone occurs in the epiphyses also, and especially in those of 
the bones comprising the knee joint region. In these epiphyses, the 
subchondral areas become sclerotic. 

In the articular cartilages, as in the growth plates, the cells are 
retarded in their activity. The cartilage cell outlines in the columnar 
regions are much more distinct than they would normally be. In the 
zone of provisional calcification, the blood vessels may advance into 
the calcified cartilage beyond the normal level. Interestingly enough, 
however, the matrix of the articular cartilage above the zone of 
provisional calcification does not undergo premature fibrillization or 
degeneration. 

In general, the extent and severity of the changes in the bone and 
cartilage vary in accordance with the duration of the experiment 
and the dosage of estrogen. In the course of 4 to 5 months, the 
femur, tibia, and other long bones and the vertebral column, may 
come to show extensive replacement of the lymphoid elements in the 
metaphysial and diaphysial portions of the medullary cavity by newly 
formed bone. There is no increase in periosteal activity. 

Conclusion. Injections of estradiol benzoate into immature female 
and male mice in the dosages listed in the table, stimulate the pro- 
liferation of new bone in the medullary cavities of certain bones and 
especially of the lower end of the femur and upper end of the tibia. 
Other bones, including the calvarium, are also affected, but to a lesser 
degree. The proliferation begins around the zone of provisional 
calcification and advances into the diaphysial portion of the bone. 
The changes in question can easily be recognized on roentgenographic 
examination. When the pubic bones are involved,, they undergo in 
addition, more or less resorption, the extent of which depends upon 
the dosage of estrogen and the duration of the experiment. 
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desirable to remove all the Tyrode solution for fear that the ventricle 
would be damaged. Even small amounts can produce sufficient 
variation in concentration to alter appreciably time of appearance 
of stoppage. The ventricles were left in the ouabain 2.1 min (mean) 
after complete stoppage. The time when first beats occurred after 
washing was started averaged 7 min. These first beats were not 
always regular in rate. In the table the time after washing when 
the beats did become regular and deep is indicated under the heading 
“Recover)'”. The rate of 6 and 7 after recovery are qualified by 
“(irregular)”. Both of these showed periods of slight acceleration 
followed by periods of slower rate of beat. They are not significant 
since controls sometimes show the same thing. 

The next group of experiments involved the use of tincture of 
digitalis in 1 :100 dilution. Tincture was made from Reference 
Digitalis Powder (1 cc contained 1 U.S.P. XI unit). In Table II 
results are summarized. The average time of ventricular stoppage 
was 3.4 min. After stop the preparation was left in the diluted 
tincture 2.7 min on the average. The first beats after wash was 
started appeared in 15 min (average). A difference between tinc- 
ture and ouabain was noticed here however. The first ouabain 
beats were usually of a nature involving the entire ventricle. In 
the tincture the first beats were usually slight “jiggles” near the 
end of the ventricle from which the atrium had been cut. These 
gradually increased in depth and involved more and more of the 
ventricle until the entire preparation was beating. It became ob- 
vious that the tincture was more difficult to remove than ouabain 
since irregularities usually persisted so long as to make a second 
wash advisable. The mean recovery time was 46 min and the 
average rate of beat was 134 per min. Ventricles 4 and 5 showed 


TABLE n. 

Ventricles In 1:100 Tincture Digitalis (E-S.P. XI). 


No. 

Rate 
per rnvn 

Min 

inflrng 

First beat 
after wasb 

Recovery 

r " ' 

Time Bate/min 

1 

123 

2 4-3 

22 min 

36 min 

164 

2 

114 

2 4-3 

16 

00 

15S 

3 

S9 

4 t 5 

26 

50 

132 

4 

118 

2 4-3 

12 

25 

130 (irregnlar) 

5 

69 

2 4-3 

27 

55 

130 

6 

73 

4 4-1 

o 

70 

179 

7 

121 

5 4-2 

19 

22 

165 

8 

SO 

3 4-2 

4 

50 


9 

129 

3 4-2 

5 

50 

107 

10 

S2 

7 4-3 

16 

45 

56 

Mean: 

100/min 

3.4 4- 2.7 

min 15 min 

46 min 

134/niin 
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to prevent excessive evaporation and the preparation was placed in 
a warm chamber at 3 S°C. After the ventricle had reached incu- 
bator temperature the rate of beat was taken. Next, Tyrode solution 
around the ventricle was pipetted off and replaced by a drop of the 
desired glucoside diluted with Tyrode solution. After being com- 
pletely stopped by the glucoside, the ventricle was removed with a 
platinum loop to a petri dish of Tyrode solution; then to a second 
dish; and finally removed to a well slide containing Tyrode solution, 
covered, and returned to the warm chamber. This constituted 
what we shall call a “wash”. In some cases this procedure was 
repeated (digitalis, wash, digitalis, wash, etc.). Rates of beat, time 
required for stoppage in the glucoside, time of appearance of first 
beats after washing was started, time required for the return of 
normal beating, and other pertinent data were recorded. 

Observations. For purposes of comparison 10 experiments with 
ouabain in 1 :100,000 dilution in Tyrode solution were conducted. 
Straub'* demonstrated the reversibility of this glucoside in adult 
frog hearts. Paff and Johnson* 1 noted its reversibility in the 
embryonic heart. Tabic I summarizes the data. In the strength 
used the drug stops the ventricles completely in about 3.5 min (the 
median). The mean is really' 4.6 min for the 10 experiments but 
discrepancies in preparations 8 and 10 raise the average stop time 
considerably. Here, as in all later experiments, this is partly due to 
the fact that the first rate of beat was taken with the ventricle in 
Tyrode solution and this was replaced by r the glucoside. It was not 

TABLE I. 

Ventricles in 1:100,000 Qunbain. 
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failed to elicit a response. More conclusive evidence is the fact that 
controls stopped by digitoxin, for example, remained absolutely 
quiescent to single make and break induction shocks. Furthermore 
the ventricles, when removed from the glucosides, continued to be 
affected as evidenced by the fact that they passed into extreme 
systole. This is especially true with tincture and digitoxin. The 
picture at this stage was that of a dead ventricle. Accompanying 
this reaction it was noted that the mesothelium at the surface of the 
heart seemed to become swollen beyond the amount explainable by 
the systole. The cells appeared rounded. We believe it also sig- 
nificant that the ventricles became sticky, so much so that they 
often adhered strongly to the glass or to the platinum loop used in 
transfer. When this last occurred, small portions of the heart were 
sometimes torn away, suggesting that the process seriously involved 
the muscle as well as the mesothelium. 

These stages suggest marked degenerative changes. However, 
despite this suggestion, they are only apparent. As proof of this, 
ventricles stopped in tincture and in digitoxin were placed in chicken 
blood plasma in Carrell flasks along with controls. The results 
were conclusively in favor of removal. Not only did all the ven- 
tricles, both controls and glucoside-treated hearts (after recovery), 
beat for an observation period of 3 days but the beats, both as to 
rate and depth, were normal. Unless one knew which ventricles had 
been treated with the glucosides, it would be impossible to distin- 
guish drugged hearts from controls. This is equally true of both 
physiological activity and structural integrity. 

In the embryonic heart additional evidence is necessary before a 
reasonable hypothesis regarding the probable nature of digitalis 
action can be stated. The production of stickiness and rounded ap- 
pearance of cells suggests an exchange of material between cell and 
environment accompanied by marked surface phenomena. It can 
be postulated, however, that no firm chemical union occurs between 
the digitalis and the embryonic heart muscle since the time necessary 
for recovery is so short. 

Summary and Conclusions. 1. In embryonic ventricles stopped 
by ouabain, tincture of digitalis, and digitoxin the effects of the drugs 
can be removed by washing with Tyrode solution. 2. Of the 3 glu- 
cosides, the action of digitoxin is the most difficult of removal. 
Tincture, in turn, is more difficult to remove than ouabain. 3. With 
tincture, the process of stop, wash-out, stop, wash-out, etc., can be 
repeated at least 6 times in the same ventricle. 4. Digitoxin-stopped 
ventricles recover in blood plasma and are indistinguishable as to 
function and structure from controls in the same medium. 
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irregularities, but here again they were of a nature comparable to 
those seen in the controls. 

The results with a single stoppage by tincture encouraged the 
attempt at repeated stoppage and washing with the same ventricles. 
The mere mechanical manipulation aione involved in this process 
offers a real hazard to continued activity of the embryonic ventricle 
Proof that it can be successfully carried out is seen, however, in 
the following experiment : 

Ventricle, rate, 90/min. Stopped in tincture in 2 min 40 sec. 
Washed 17 min. Beat again 94/min (irregular). Stop in tincture 
again in 45 sec. After 48 min wash the rate was 110/min (irregular). 
Stopped the third time in tincture in 1 min 15 sec. Washed 20 min, 
and beat became regular at 160/min. Stopped a fourth time in tinc- 
ture in 1 min 3 sec. After 50 min of washing beat returned and was 
irregular. No rate was taken at this time. Stopped a fifth time in 
tincture in 55 sec. Wash 25 min and irregular beat returned. Again 
no rate taken. A sixth stop occurred in 47 min, and after recovery 
the rate was irregular. Mean rate was 22/min. Four other ven- 
tricles gave comparable results. 

In the third group of experiments digitoxin was used. The same 
technic applied successfully with tincture and ouabain failed in 4 
out of 5 attempts with digitoxin even 150 min after the single wash 
had begun. It was necessary to change the technic. This consisted 
in repeated washes at intervals of 15 min until it was apparent that 
complete recover}' would occur. Results are summarized in Table III. 

Discussion and Further Observations. The tabulated results in- 
dicate that both digitoxin and tincture as well as ouabain can be 
washed out of the embryonic ventricles. Of the 3, digitoxin is the 
most difficult to remove. Tincture is next and, as was expected, 
ouabain was removed with ease. The short time in which the ven- 
tricles remained in the glucosides raises the question whether or not 
the drug had sufficient time to act. As proof that the time is ample 
it was noted that mechanical manipulation of the ventricles invariably 

TABLE III. 

Ventricles in Digitoxin. 

No. of washes _ Recovery 

(15-min First beat t — - - 

intervals) after wa sh Time Rate/min 

s 64 min 142 min 111 
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All 3 types of Shigella mentioned above grew very well on the egg 
membrane. From one to 10 microorganisms were found to be 
enough to obtain growth on the membrane. If the growth was only 
scarce, no gross changes were seen on the membrane. If infection 
was intense, infiltrates varying from small greyish spots to purulent 
exudates, sometimes also small hemorrhages, were seen. The degree 
of this reaction was roughly proportional to the amount of bacteria 
implanted. 

Generalized infection could be produced with each strain. The 
amounts necessary for this purpose varied from 50 to 50,000 micro- 
organisms. They were fairly constant for each strain. Where 
generalized infection took place, the microorganisms could be recov- 
ered from the heart blood and the organs of the embryo, and the 
embryos died in 24 to 72 hours, exceptionally also on the fourth day 
after infection. 

Smooth and partially rough cultures were infective to the same 
degree. However, perfectly rough variants were found to be 
devoid of invasive power, and thus did not kill the embryos. With 
our Flexner strains, there were several observations of the reversion 
from partially rough to smooth after egg passage. No such re- 
version was observed with Sonne strains. 

In many cases quick disintegration of the contents of the eggs 
followed death. This was especially marked in cases infected with 
Sonne strains. Where the dead embryos were well preserved, no 
characteristic findings were noted upon inspection. 

We are planning a histological study of both membranes and em- 
bryos in order to obtain information on the host’s reaction and 
on possible special localizations of the infective agent. 

It was found also possible to cause a lethal infection by injection 
of dysentery bacilli into the yolk sac of the embryo. In this case, 
generalized infection takes place within 6 hours. 
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Infection of the Developing Chicle Embryo with Dysentery 

Bacilli. 

A. J. Weil and J. A. Volentine. 

From the Department of Biological Bcncarch, Lciier] c laboratories, Inc., Pear 

Diver, X. T. 

The experimental approach to the problems connected with micro- 
organisms of the Shigella group is greatly hampered by the lack of 
a convenient laboratory animal sensitive to this type of infection. 
The purpose of this paper is to report on our experiences with the 
infection of chick embryos with dysentery bacilli, which we hope 
may contribute toward the alleviation of this difficulty. 

Goodpasture and his coworkers have studied bacterial infection 
in the chick embryo and have investigated the reactions of this new 
host. 1 ' 5,3 There are also some reports from other laboratories on 
applications of this method to problems of a similar scopeA 7 

For our study we have used 2 strains of Shigella dyscntcriae 
(“Shiga bacillus”), 7 of Shigella paradyscntcriac (“Flexner bacil- 
lus”), and 7 of Shigella sonuci. All were carefully controlled for 
their microscopic, cultural and serological properties. 

We found fertile eggs incubated 9 to 10 days most favorable for 
our purposes. We followed, in the main, Goodpasture's procedure. 9 
If the usual precautions of bacteriological work are applied, the 
danger of contamination of the eggs is certainly not greater than 
that of agar plates. 

The number of viable microorganisms introduced was checked by 
plate count of 10' 7 dilutions of the broth culture. On the average 
the broth cultures contained 500,000,000 microorganisms per ml. 
The eggs were infected by dropping 0.1 ml amounts of broth diluted 
serially 10-fold with saline solution upon the chorio-allantoic mem- 
brane. The infected eggs were incubated at 37.5°C. 

I Goodpasture, E. W., and Anderson, K., Am. J. Path,, 1937, IS, 149. 

- Goodpastuic, E. W., Am. J. Byg., 193S, 28, 111. 

a Buddingli, G. J., and Folk, A. D., J. Exp. Med., 1930, 70, 485, 4S9, 511. 

4 Morrow, G-, nnd Berry, G. P., J. Bad., 1938, 38, 38. 

r, Morrow, G-, Syvcrton, J. T., Stiles, W. W., and Berry, G. P., Science, 1938, 
88, 385. 

o Moore, M., Science, 1939, 80, 1939. 

7 Sterzi, G., and Staudacher, V., Gs'orn. Hal. di denfiat. c si;., 1939, 1 , , 4. 

8 Goodpasture, E. IV., and Buddingli, G. J., Am. J ■ Byg., 1935, 34, 319. 

o Burnet, E. M., Med. Ecs. Council, Spec. Eep. Ser. 220, London, 1936. 



Shigella Infection of Chick Embryos 


161 


All 3 types of Shigella mentioned above grew very well on the egg 
membrane. From one to 10 microorganisms were found to be 
enough to obtain growth on the membrane. If the growth was only 
scarce, no gross changes were seen on the membrane. If infection 
was intense, infiltrates varying from small greyish spots to purulent 
exudates, sometimes also small hemorrhages, were seen. The degree 
of this reaction was roughly proportional to the amount of bacteria 
implanted. 

Generalized infection could be produced with each strain. The 
amounts necessary for this purpose varied from 50 to 50,000 micro- 
organisms. They were fairly constant for each strain. Where 
generalized infection took place, the microorganisms could be recov- 
ered from the heart blood and the organs of the embryo, and the 
embryos died in 24 to 72 hours, exceptionally also on the fourth day 
after infection. 

Smooth and partially rough cultures were infective to the same 
degree. However, perfectly rough variants were found to be 
devoid of invasive power, and thus did not kill the embryos. With 
our Flexner strains, there were several observations of the reversion 
from partially rough to smooth after egg passage. No such re- 
version was observed with Sonne strains. 

In many cases quick disintegration of the contents of the eggs 
followed death. This was especially marked in cases infected with 
Sonne strains. Where the dead embryos were well preserved, no 
characteristic findings were noted upon inspection. 

We are planning a histological study of both membranes and em- 
bryos in order to obtain information on the host’s reaction and 
on possible special localizations of the infective agent. 

It was found also possible to cause a lethal infection by injection 
of dysentery bacilli into the yolk sac of the embryo. In this case, 
generalized infection takes place within 6 hours. 
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Infection of the Developing Chick Embryo with Dysentery 

Bacilli. 


A. J. Weii. and J. A. Volentine. 

/•rom the Department of Biological Research, Reiicrle T.o bora lories, Inc., Pearl 

River, A'. T. 


The experimental approach to the problems connected with micro- 
organisms of the Shigella group is greatly hampered by the lack of 
a convenient laboratory animal sensitive to this type of infection. 
The purpose of this paper is to report on our experiences with the 
infection of chick embryos with dysentery bacilli, which we hope 
may contribute toward the alleviation of this difficulty. 

Goodpasture and his coworkers have studied bacterial infection 
in the chick embryo and have investigated the reactions of this new 
host. 1 ’"' 3 There are also some reports from other laboratories on 
applications of this method to problems of a similar scope/' 7 

For our study we have used 2 strains of Shigella dyscntcriae 
(“Shiga bacillus”), 7 of Shigella paradyscntcriac (“Flexner bacil- 
lus”), and 7 of Shigella sonnet. All were carefully controlled for 
their microscopic, cultural and serological properties. 

We found fertile eggs incubated 9 to 10 days most favorable for 
our purposes. We followed, in the main, Goodpasture’s procedure.®' 0 
If the usual precautions of bacteriological work are applied, the 
danger of contamination of the eggs is certainly not greater than 
that of agar plates. 

The number of viable microorganisms introduced was checked by 
plate count of 10~ T dilutions of the broth culture. On the average 
the broth cultures contained 500,000,000 microorganisms per ml. 
The eggs were infected by dropping 0.1 ml amounts of broth diluted 
serially 10-fold with saline solution upon the chorio-allantoic mem- 
brane. The infected eggs were incubated at 37.5°C. 

l Goodpasture, E. \V., and Anderson, K., Am. J. Path., 1937, IS, 149. 

- Goodpasture, E. W., Am. ,7. Hyg., 193S, 28, 111. 

n BuddiagI), G. J., and Polk, A. V., J. Exp. Meet., 1939, 70, 485, 489, 511. 

4 Morrow, G., and Berry, G. P„ J. Ract., 1938, 38, 38. 

r. Morrow, G., Syvorton, J. T., Stiles, W. W., and Berry, G. P., Science, 1938, 
88, 385. 

o Moore, M., Science, 1939, 8f>, 1939. ^ 

TSterzi, G., and Staudacher, V., Giorn. ital. Hi dermat. e sif., 1939, It, 4. 

8 Goodpasture, E. W., and Buddingli, G. J., Am. J. Myg., 1935 , -<i, 319. 

o Burnet, E. M., Med. Res. Connell, Spec. Rep. Ser. 220, London, 1936. 
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studies indicated that the particular strain of dysentery organisms 
used in this investigation grew more luxuriantly in a dextrose-free 
veal medium, the carbohydrate was omitted from the broth in which 
this organism was studied. The medicated culture media were auto- 
claved at 10 lb for 10 minutes and upon cooling 1 cc of an 18-hour 
broth diluted culture of one of the several organisms was added to 
each drug-broth and drug-free control broth medium. 

The inoculated solutions were incubated at 37° C for 23-23 hours. 
In order to estimate the degree of bacteriostasis at this time, the 
following procedures were carried out. One-tenth and 1.0 cc of 
appropriate broth dilutions were placed in each of 2 petri dishes 
and melted and cooled (45 °C) veal dextrose agar added. The 
contents were mixed thoroughly by swirling and the agar allowed to 
solidify. The plates were incubated at 37 c C for 72 hours at which 
time the growing colonies were counted. 

Results. In Table I are presented the results of the in vitro effects 


TABLE L 

Comparison of In Vitro Effects of the Several Compounds upon E. typhosa, E. coli, 

and S. dysenteric. 


Inoculum 
Organism Bacteria/cc 

10 mg% concentrations. 23-25 hrs. 37 

°C. Organisms/cc. 

f - 

Sulfanil- 

amide 

Sulfa- 

pyridine 

Sulfa- 

thiazol 

Sulfa- 

methyi- 

thiazol 

Sulfa- 

phenyJ- 

thiazol 

Control 

E. typhosa 

45 

420 M 

125,000 

35,000 

20,000 

— 

570 

11 

“Bawling” “B” 

75 

33011 

450 

0 

250 

320,000 

670 

11 

E. typhosa 

40 

500 M 

780 M 

110 11 

10011 

61011 

660 

11 

"Bawling” “If” 

80 

725 il 

49011 

12011 

4011 

41011 

590 

It 

E. typhosa 

40 

520 M 

670 If 

34011 

35011 

53011 

600 

11 

“Hopldns” 

60 

450 M 

660 31 

4011 

13511 

37011 

490 

11 

E. typhosa 

70 

620 M 

460 M 

37011 

41011 

64011 

930 

11 

No. 305 

60 

630 M 

375 M 

21511 

170 31 

38011 

650 

31 

E. typhosa 

70 

620 M 

750 M 

370 M 

44 011 

58011 

830 

11 

No. 1006 

60 

750 .M. 

62011 

230 IT 

29011 

620 11 

890 

11 

E. coli 

17 

368 It 

2811 

311 

611 

4611 

754 

M 

“B” 

90 

740 M 

111 

490,000 

720,000 

250,000 

1.1 

B 

E. coli 

23 

1.1 B 

11211 

3.3 M 

4.711 

3211 

1.2 

B 

“M” 

75 

1 B 

4011 

411 

1711 

8611 

1.2 

B 

S. dysenteric 

4 

484 M 

30811 

13011 

12211 

14511 

425 

11 


14 

59511 

34211 

11211 

14411 

12211 

518 

11 


— = Compound not tested. 

0 = No growth in plate inoculated with 0.1 cc, of the undiluted drug broth 
solution or dilutions thereof. 

M = Million. 

B — Billion. 
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Bacteriostatic Effects of Sulfanilamide, Pyridine and Thiazol 
Derivatives upon Colon-Typhoid-Dysentery Group.* 

C. A. Lawrence. (Introduced by O. \V. Barlow.) 

From the Research Laboratories of the Winthrop Chemical Company, Inc., 
Rensselaer, Xcw York. 


Chemotherapeutic studies of a series of thiazol derivatives of sul- 
fanilamide under conditions of experimental infections in animals 
with beta hemolytic streptococci (strain C203), Staphylococcus 
aureus, and pneumococci Types I, II and III as reported by Fosbinder 
and Walter, 1 McKee, ct al.,~ and Barlow and Homburger 5, * sug- 
gested that at least 2 of these compounds merited careful clinical 
examination. A comparison of the in vitro effects of these com- 
pounds on the above organisms indicated that they were superior 
to either sulfanilamide or sulfapyridine (Lawrence 5 ). 

The present investigation was undertaken to determine the 
comparative itt vitro effects of the thiazol compounds (sulfathiazol, 
sulfamethylthiazol and sulfaphcnylthiazol) with those of sulfanil- 
amide and sulfapyridine upon additional groups of organisms, 
namely, the gram negative bacilli representative of the colon-typhoid- 
dysentery group. These included 5 strains of Eberthclla typhosa, 
one culture of which had recently been isolated from a typhoid 
patient (No. 1006), 2 cultures each of Escherichia coli and Acrobac- 
tcr aerogencs, and one strain each of Salmonella paratyphi, S. schoft- 
mucllcri, S. suipestifer, S. psittacosis, S. cntcritidis, Shigella dysen- 
tcriac and Proteus vulgaris. 

M cthod. Ten mg % drug-broth solutions were prepared by adding 
the dry powders to 100 cc quantities of veal dextrose broth of pH 
7.4 and containing bacto peptone.f Since preliminary cultural 

* Tlio author wishes to express his appreciation to Dr. J. J. Clemmer for many 
of the cultures used in this study. 

1 Fosbinder, R. F., and Walter, L. A., J. Am. Chcm. Soc., 1939, <51, 2033. 

2 McKee, G. M., Knkc, G., Grcep, R. O., and Van Dyke, H. B., Proc. Soc. Exp. 
Biol, and Med., 1939, -12, 417. 

3 Barlow, O. W., and Homburgor, E., Proc. Soc. Exp. Biol, and Med., 1939, 
42, 792. 

4 Barlow, O. W., and Homburger, E., Pboc. Soc. Exp. Biol, and Med., 1940, 
48, 317. 

.s Lawrence, C. A., Proc. Soc. Exp. Biol, and Med., 1940, 48, 92. 

t A few crystals remaining at the bottom of the flask containing the sulfaphenyl- 
broth solution, after autoclaving and cooling to 37°C, indicated this solution to be 
slightly supersaturated. 
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It\ a more recent publication Long and Bliss 7 also found that the 
unsubstituted thiazol derivative was equal to, or slightly superior 
to, sulfanilamide and to sulfapyridine in its bacteriostatic action upon 
cultures of E. coli and B. protcus in broth. 

Conclusions, On the basis of in vitro studies sulfathiazol and 
sulfamethylthiazol have been found to be somewhat more effective 
than sulfapyridine, sulfaphenylthiazol and sulfanilamide in their in 
vitro effects upon bacteria representative of the colon-typhoid- 
dysentery group. In general, the unsubstituted thiazol derivative 
appears to be the most active compound, being followed in decreasing 
order of effectiveness by sulfamethylthiazol, sulfapyridine, sulfa- 
phenyl thiazol and sulfanilamide. 
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Changes Produced by Desoxycorticosterone Overdosage in 

the Rat.* 

Hans Selye and Christiane Dosne. 

From the Department of Anatomy, McGill University, Montreal, Canaria. 

Kuhlmann, et al., 1 found recently that dogs chronically treated 
with very high doses of desoxycorticosterone acetate show definite 
signs of damage and reveal blood chemical changes which appear to 
be the opposite of what is seen in adrenal insufficiency. Thus they 
noted .... a striking decrease in serum potassium, a slight in- 
crease in serum sodium, a slight decrease in serum protein and non- 
protein nitrogen In this connection it appears of interest to 

mention our experiments in the rat which indicate that treatment 
with as high a dose as 10 mg of desoxycorticosterone acetate daily 
given for 20 days fails to produce any externally visible signs of 
damage and that, contrary to expectations, the blood chlorides 
prove to be consistently low. Meanwhile we have no explanation 
for the fact that although desoxycorticosterone prevents hypochlo- 
remia in the adrenalectomized rat, chronic overdosage with this 

7 Long, P, H., and Bliss, E. A., Proc. Soc. Exp. Biol, and Med., 1940, 43, 324. 

* The expenses of this investigation have been defrayed in part from a grant 
in aid received from the Sobering Corporation of Bloomfield, N. J. The desoxy- 
cortieosterone acetate used in our experiments has been kindly supplied by Drs. 
G. Stragnell and E. Scliwenk of the Schering Corporation. 

1 Kuhlmann, D., Ragan, C., Ferrebee, J. W., Atcbley, D. W., and Loeb, R. F., 
Science, 1939, 90, 496. 
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of the several compounds upon E. typhosa, E. coli and S. dysen- 
tcriac. While the differences in the degree of bacteriostasis’ pro- 
duced by most of these compounds under these experimental con- 
ditions are not striking, there is a definite trend which indicates a 
greater inhibitory effect on the part of sulfathiazol and sulfamethyl- 
thiazol than that of the other compounds. 

A comparison of the effects of the compounds upon the Salmon- 
clla, Acrobactcr and Proteus vulgaris organisms is given in Table II. 
In general sulfathiazol and sulfamethylthiazol were again found to 
be somewhat more effective than sulfapyridine, and distinctly more 
active than sulfaphenylthiazol and sulfanilamide in their bacterio- 
static actions upon the organisms studied. 

These findings, in part, confirm the results obtained by Helm- 
holz 0 who, under different experimental conditions, was able to show 
that sulfathiazol and sulfamethylthiazol were more effective than 
sulfanilamide and sulfapyridine in their in vitro actions upon many 
of the organisms associated with urinary infections. 

TABLE II. 

Comparison of the In Vitro Effects of the Several Compounds upon Salmonella, 
.■trrobactcr and Proteus vulgaris Organisms. 


10 mg% concentrations. 23-25 hrs. 37°C. Organisms/ce. 



r - — — " 

Inoculum Sulfanil- 
Organism Bacteria/cc amido 

Sulfa- 

pyridine 

Sulfa- 

thiazol 

Sulfa- 

methyl- 

tliinzol 

Sulfa- 

phenyl- 

thiazol 

V 

Control 

If 

paratyphi 

no 

1.3 B* 

520 M 

770,000 

7 M 

810 M 

1.1 B 


155 

1 B 

GOOM 

2G0M 

225 M 

520 M 

1.1 B 

s. 

sehottmuclleri 160 

l.G B 

730 M 

8 M 

115 M 

860 M 

1.6 B 



185 

1.5 B 

050 ir 

460 M 

GOOM 

1.2 B 

2 B 

s. 

suipcstifcr 

95 

ISOM 

1,200 

150 

400 

1,150 

890 M 


100 

340 M 

SO 

40 

270 

10 

740 M 

s. 

psittacosis 

70 

380 M 

350 M 

15 M 

G0M 

700 M 

580 M 


75 

610 M 

278 M 

67 M 

195 M 

500 M 

725 AI 

s. 

entcritidis 

120 

1 B 

37 M 270,000 

600,000 

680 M 

1.2 B 

47 

690 M 

G30 M 

50 M 

105 M 

400 M 

720 M 

A. 

acroqcncs 

17 

446 M 

286 M 

120 M 

132 M 

355 M 

512 M 


!<B”' 

26 

425 M 

224 M 

94 M 

160 M 

376 M 

489 M 

A 


90 

160 M 

74 M 

35 M 

78 M 

83 M 

940 M 


“M” 

150 

1.4 B 

430 sr 

60 M 

90 M 

900 M 

1.2 B 

Proteus vulgaris 

37 

5 

460 M 
472 M 

13 M 
220 M 

1.5 M 
151 M 

1.5 M 
135 M 

15 M 

22 M 

290 M 
460 M 


*Sco legend under Table I. 


cHelmholz, H. F., Proc. Staff Meetings, Mayo Clinic, 1940, 15, 65. 
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In a more recent publication Long and Bliss' also found that the 
unsubstituted thiazol derivative was equal to, or slightly superior 
to, sulfanilamide and to sulfapyridine in its bacteriostatic action upon 
cultures of E. coli and B. proteus in broth. 

Conclusions. On the basis of in vitro studies sulfathiazol and 
sulfamethylthiazol have been found to be somewhat more effective 
than sulfapyridine, sulfaphenylthiazol and sulfanilamide in their in 
vitro effects upon bacteria representative of the colon-tvphoid- 
dysentery group. In general, the unsubstituted thiazol derivative 
appears to be the most active compound, being followed in decreasing 
order of effectiveness by sulfamethylthiazol, sulfapyridine, sulfa- 
phenyl thiazol and sulfanilamide. 


11389 

Changes Produced by Desoxycorticosterone Overdosage in 

the Rat.* 

Hans Selye and Christians Dosne. 

From the Department of Anatomy, McGill University, Montreal, Canada. 


Kuhlmann, et al.p found recently that dogs chronically treated 
with very high doses of desoxycorticosterone acetate show definite 
signs of damage and reveal blood chemical changes which appear to 
be the opposite of what is seen in adrenal insufficiency. Thus they 
noted .... a striking decrease in serum potassium, a slight in- 
crease in serum sodium, a slight decrease in serum protein and non- 
protein nitrogen In this connection it appears of interest to 

mention our experiments in the rat which indicate that treatment 
with as high a dose as 10 mg of desoxycorticosterone acetate daily 
given for 20 days fails to produce any externally visible signs of 
damage and that, contrary to expectations, the blood chlorides 
prove to be consistently low. Meanwhile we have no explanation 
for the fact that although desoxycorticosterone prevents hypochlo- 
remia in the adrenalectomized rat, chronic overdosage with this 

7 Long, P. H., and Bliss, E. A., Proc. Soc. Exp. Biol, and Med., 1940, 43, 324. 

* The expenses of this investigation have been defrayed in part from a grant 
in aid received from the Schering Corporation of Bloomfield, N. J. The desoxy- 
corticosterone acetate used in our experiments has been kindly supplied by Drs. 
G. Stragnell and E. Schvrenk of the Schering Corporation. 

i Kuhlmann, D., Ragan, C., Ferrebee, J. W., Atchley, D. W., and Loeb, E. F., 
Science, 1939, S>0, 496. 
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of the several compounds upon E. typhosa, E. coli and 5. dysen- 
tcriac. While the differences in the degree of bacteriostasis' pro- 
duced by most of these compounds under these experimental con- 
ditions arc not striking, there is a definite trend which indicates a 
greater inhibitory effect on the part of sulfatlu'azol and sulfamethyl- 
thiazol than that of the other compounds. 

A comparison of the effects of the compounds upon the Salmon- 
ella, Acrobactcr and Proteus vulgaris organisms is given in Table II. 
In general sulfathiazo! and sulfamethylthiazol were again found to 
be somewhat more effective than sulfapyridine, and distinctly more 
active than sulfaphenylthiazo! and sulfanilamide in their bacterio- 
static actions upon the organisms studied. 

These findings, in part, confirm the results obtained by Helm- 
holz 0 who, under different experimental conditions, was able to show 
that sulfathiazo! and sulfamethylthiazol were more effective than 
sulfanilamide and sulfapyridine in their in vitro actions upon many 
of the organisms associated with urinary infections. 

TABLE II. 

Comparison of the In Vitro Effects of tlio Several Compounds upon Salmonella, 
Acrobactcr and Proteus vulgaris Organisms. 


10 mfjSc concentrations. 23-25 hrs. 37°C. Organisms/cc. 







Sulfa- 

Sulfa- 

’ 


Inoculum 

Sulfanil- 

Sulfa - 

Sulfa- 

methrl- 

phenyl- 

tliiazol 

Control 

Orgauism 

Bacterin/cc 

amide 

pyridine 

thiazol 

thiazol 

S. paratyphi 

110 

1.3 B* 

520 M 

770,000 

nr 

810 M 

1.1 B 

155 

1 B 

G00M 

260 M 

225 M 

520 if 

1.1 B 

S. xchottmucUrri 1G0 

1.6 B 

730 M 

sir 

115 M 

800 M 

1.6 B 


185 

1.5 B 

G50M 

400 M 

690 M 

1.2 B 

2 B 

S. suipestifer 

95 

ISO M 

1,200 

150 

400 

1,150 

89011 

100 

340 M 

SO 

40 

270 

10 

740 M 

S. psittacosis 

70 

380 M 

350 M 

15 M 

G0M 

700 M 

580M 

75 

G10 M 

278 M 

67 M 

195 M 

500 M 

725 H 

S. cntcritid is 

120 

1 B 

37 M 

270,000 

600,000 

680 M 

1.2 B 

47 

690 M 

G30 M 

SOM 

105 M 

400 M 

72011 

A. acroqcnes 

17 

446 M 

2S6 M 

120 M 

132 >1 

355 M 

512 ir 

“ B ” 

26 

425 M 

224 M 

94 M 

160 M 

376 M 

4S9 It 

A. aero genes 

“M” 

90 

150 

160 M 
1.4 B 

74 M 
430 M 

35 M 
60 M 

78 M 
90 M 

83 M 
900 M 

94011 
1.2 B 

Proteus vulgaris 37 

5 

4G0 M 
472 M 

13 M 
220 M 

1.5 M 
151 M 

1.5 M 
135 if 

15 M 

22 M 

29011 
460 If 


•See legend under Table I. 


o Helmliolz, H. ¥., Proc. Staff Meetings, Mayo Clinic, 1940, 15 , 65. 
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In a more recent publication Long and Bliss 7 also found that the 
unsubstituted thiazol derivative was equal to, or slightly superior 
to, sulfanilamide and to sulfapyridine in its bacteriostatic action upon 
cultures of E. coli and B. proteus in broth. 

Conclusions. On the basis of in vitro studies sulfathiazol and 
sulfamethylthiazol have been found to be somewhat more effective 
than sulfapyridine, sulfaphenylthiazol and sulfanilamide in their in 
vitro effects upon bacteria representative of the colon-typhoid- 
dysentery group. In general, the unsubstituted thiazol derivative 
appears to be the most active compound, being followed in decreasing 
order of effectiveness by sulfamethylthiazol, sulfapyridine, sulfa- 
phenyl thiazol and sulfanilamide. 
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Changes Produced by Desoxycorticosterone Overdosage in 

the Rat.* 

Hans Selye and Christiane Dosne. 

From the Department of Anatomy, McGill University, Montreal, Canada. 

Kuhlmann, et al .} found recently that dogs chronically treated 
with very high doses of desoxycorticosterone acetate show definite 
signs of damage and reveal blood chemical changes which appear to 
be the opposite of what is seen in adrenal insufficiency. Thus they 
noted “ .... a striking decrease in serum potassium, a slight in- 
crease in serum sodium, a slight decrease in serum protein and non- 
protein nitrogen In this connection it appears of interest to 

mention our experiments in the rat which indicate that treatment 
with as high a dose as 10 mg of desoxycorticosterone acetate daily 
given for 20 days fails to produce any externally visible signs of 
damage and that, contrary to expectations, the blood chlorides 
prove to be consistently low. Meanwhile we have no explanation 
for the fact that although desoxycorticosterone prevents hypochlo- 
remia in the adrenalectomized rat, chronic overdosage with this 

7 Long, P. H., and Bliss, E. A., Proc. Soc. Exp. Biol, and Med., 1940, 43, 324. 

* The expenses of this investigation have been defrayed in part from a grant 
in aid received from the Sobering Corporation of Bloomfield, N. J. The desoxy- 
corticosterone acetate used in our experiments has been kindly supplied by Drs. 
G. Stragnell and E. Schwenk of the Schering Corporation. 

l Kuhlmann, D., Ragan, C., Ferrebee, J. W., Atchley, D. W., and Loeb, R. F., 
Science, 1939, 90, 496. 



TABLE I. 

Changes in Blood Chemistry and Adrenal Weight Induced by Dosoxycorticostcrone Overdosnge. 

No. and sex 

Treatment of animals Body \vt Blood clilorido Blood glucose Adrenal vrt 
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compound decreases the blood chloride concentration in normal ani- 
mals. Our experiments clearly indicate, however, that this is the 
case. The blood chlorides were determined by the Van Slyke 
method and are expressed in mg of NaCl/100 cc of blood. Blood 
sugars (Hartmann-Shafer-Somogyi’s method) are expressed in 
mg of glucose/100 cc and the adrenal weight in mg. White Wistar 
rats were used for all experiments. Desoxycorticosterone was ad- 
ministered once daily by subcutaneous injections in peanut oil, the 
last injection being given 24 hours before autopsy. All animals were 
fasted for 24 hours before the determinations. In Table I, which 
summarizes our findings, the average values are given with the range 
of variations in brackets. 

As the table indicates, the blood chlorides are significantly de- 
creased in each case while the blood sugar does not appear to be 
affected. The absence of hypoglycemia indicates that overdosage 
with desoxycorticosterone acetate does not elicit all the symptoms 
of adrenal insufficiency. Gross estimations of the blood volume of 
our animals show that a decrease in the amount of the circulating 
blood — also characteristic of adrenal deprivation — likewise fails to 
occur in case of desoxycorticosterone overdosage. We mention this 
particularly because, contrary to the statement of Kendall, 2 who 
claimed that desoxycorticosterone and its acetate cause no signifi- 
cant adrenal atrophy — and thereby differ from corticosterone and 
compound E — we noted in agreement with our previous findings 3 
that tire adrenals became very atrophic. It should be stated, how- 
ever, that Kendall used relatively small doses of desoxycortico- 
sterone and that from his findings, it appears that corticosterone 
and his compound E are even more active in causing adrenal involu- 
tion. 

Summary. Experiments on the rat indicate that chronic treat- 
ment with desoxycorticosterone acetate in daily doses of up to 10 mg 
does not lead to any significant external signs of damage but causes 
marked hypochloremia and adrenal atrophy. Since the blood sugar 
and blood volume is not significantly influenced by this treatment, 
the hypochloremia cannot merely be regarded as a sign of general 
adrenal insufficiency resulting from the atrophy of the adrenal 
cortex unless one assumes that the compound interferes specifically 
with the chloride regulating function of these glands. It should be 
emphasized, however, that even such doses of desoxycorticosterone 
acetate which do not suffice to cause significant adrenal atrophy pro- 
duce definite hypochloremia. 

- Kendall, Edward C., Proc. Am. Soe. Biol. Chem., New Orleans, 1940. 

8 Selye, Hans, Canad. Med. Assn. J., 1940, 42, 113. 
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may serve as an index of testicular activity. 6 The data for each 
group were massed and analyzed statistically by Fisher’s method. 7 
A P less than 0.05 was held as the criterion for probable significance 
of any difference observed between the test and control groups. 

Results. Neither initial nor final body weights of the test group 
(32.1 g and 73.8 g respectively) showed any significant difference 
from the corresponding control weights (30.9 g and 70.8 g re- 
spectively). 

The seminal vesicles of the treated animals averaged 33.5 mg 
and were significantly heavier than the corresponding mean of 22.5 
mg for the controls (P was less than 0.01). The weight of the 
testes of the treated group averaged 546 mg as compared to a mean 
of 563 mg for the controls. The difference of 17 mg was only a 
3% difference and was statistically insignificant (P was greater 
than 0.1). 

Microscopically, the testes of all animals were normal. Spermato- 
genesis was incomplete in both treated and control groups. The 
epididymides of the treated group, however, contained numerous 
actively mitotic immature spermatocytes within their tubules. In 
the normals, this was only an occasional finding. 

Discussion. From this study it may be seen that an androgenically 
potent dose of testosterone propionate as judged by its stimulating 
effect upon the seminal vesicles, has spared the testis the depression 
heretofore described. Biddolph* has also observed a practically 
negligible depression with 2 y doses administered daily from birth 
to 31 days of age. From his report, however, one was at a loss to 
know whether his dosage was androgenically potent otherwise. The 
presence of immature spermatozoal forms in the tubules of the 
epididymis indicates that testosterone propionate stimulates pro- 
liferation of the germinal epithelium without hastening maturation. 
In these respects it acts like the gonadotropic hormones. 6 It differs 
from the gonadotropins in that it fails to stimulate the interstitial 
tissue. 

Conclusions. Testosterone propionate injected subcutaneously in 
10 y doses daily for 10 days to albino rats from 22 to 32 days proved 
to be androgenically potent causing a “probably significant” en- 
largement of the seminal vesicles. The testes, however, were neither 
depressed in weight nor were their histological pictures altered. Pro- 
liferation of the germinal epithelium was hastened. 

6 Rubinstein, H. S., Endocrinology , 193S, 23, 171. 

• Fisher, R. A., Statistical if ct hods for Research Workers, Oliver end Boyd, 
London, 1936. 
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Effect of Small Doses of Testosterone Propionate on the Testis.* 


H. S. Rubinstein and A. A. Kurland. 

I' rom the Research Laboratory, Surgical Division , Sinai Jlospital, Baltimore, Jfd. 


Practically all reports concerning the effect of testosterone pro- 
pionate on the testis stress the depressing effect of this hormone. 1 ' *• 3 
Biddolph, 4 using doses as small as 2 y daily in animals treated from 
birth has, however, reported that the testes of his treated animals 
were practically unaffected. Since this author did not simultaneously 
publish any data concerning the accessory sex organs of his treated 
group it is conceivable that the dose which he used was so small that 
it not only failed to affect the testes but was also devoid of any 
androgenic effect. For this reason the following study was under- 
taken. 

Thirty-six male albino rats (A fits norvcgicus, var. nlbits) of 
Wistar Institute strain were divided into 2 groups consisting of 16 
test animals and 20 littermate brother controls respectively. The 
test animals were given daily subcutaneous injections of 10 y of 
testosterone propionate in sesame oil (Perandren) for 10 days 
beginning on the 22nd day of life. Except for these injections all 
animals were similarly treated, being fed on a diet of Purina dog 
chow daily and green vegetables twice weekly. Water was con- 
stantly present. The controls received no injections, since the sol- 
vent used (sesame oil) has been shown to have no sex-stimulating 
qualities. 5 The animals were weighed before the first injection and 
at the time of sacrifice which was carried out by carotid incision 
under ether anesthesia at 32 days of age. Testes devoid of epi- 
didymides and seminal vesicles were excised, weighed, fixed in 
Bouin’s solution and stained by haemotoxylin and eosin for micro- 
scopic study. The epididymides were excised and similarly pre- 
pared for microscopic study. This was done because it had pre- 
viously been noted that the epididymis through its tubular contents 

* The authors appreciate the aid of the Ciba Pharmaceutical Products Company, 
Inc., for partially defraying the expenses of this study and for supplying the 
testosterone propionate (Perandren) used. 

l Moore, C. L., and Price, D., A not. Bcc., 193S, 71, o9. 

- Korcnclievsky, V., and Hall, K., Brit. Med. J., 1939, 1 , 4. 

3 Korcnclievsky, V., Dennison, M., and Hall, K., Bioehcm. J., 19oT, 31, 1434. 

•) Biddolpli, C., A not. Bcc., 1939, 73, 447. 

r. Stone, C. P., J. Comp. Psychol., 193S, 25, 445. 
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A definite quantitative factor was observed with respect to the 
number of nerve fibers exposed to the virus. In 3 cases in which 
only the nerve to the hamstring muscles was cut and the cut end then 
soaked with virus, no paralysis resulted. Inoculation of the cervical 
sympathetic trunk by the same method in 2 animals failed also. In 
one case in which the central cut end of the vagus nerve was im- 
mersed in virus for 3 minutes, paralysis did not result, whereas in 
another animal in which the vagus nerve was similarly soaked for 
IS minutes, neck paralysis and hoarseness resulted after an incubation 
period of 17 days. Inoculation of the hypoglossal nerve by this 
method was also successful in one case, the incubation period 
being 4 days. Apparently then, the numbers of nerve fibers ex- 
posed, and perhaps the size of the fibers and the length of time 
immersed are significant quantitative factors. In any case, only a 
small quantity of virus suspension is necessary. 

The significance and advantages of the above described method of 
inoculation of peripheral nerves are obvious. When sufficient 
numbers of axonal processes of nerve cells are exposed to small 
amounts of virus at a definite point in the peripheral nerve, paralysis 
results. Because of the definitely known location at which the virus 
first comes into contact with the nerve fibers, because of the as- 
surance that all of the fibers of the nerve are placed in contact with 
the virus, and because in any particular nerve the numbers and sizes 
of fibers thus exposed can be determined, this method offers possi- 
bilities for quantitative determinations of virus potency, of speeds 
of transmission of viruses along nerves, and of other important but 
not easily obtained data. 
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An Effective Adethod of Intraneural Inoculation of Poliomyelitis 

Virus.* 

David Bodian and Howard A. Howe. 

From the Department of Anatomy, Johns Jlopkins University. 


The uncertainty of results obtained by most investigators with 
intrancural injections of poliomyelitis virus has limited the use of 
tin's method of inoculation for inducing experimental poliomyelitis. 
Nevertheless, if the virus of poliomyelitis is truly neurotropic, one 
would expect that intrancural inoculation would be as effective as 
intracerebral inoculation, and simpler, if the virus could actually 
be made to come into contact with numerous nerve fibers, rather than 
being forced along and between connective tissue sheaths within the 
peripheral nerve. This of course is strongly suggested by the work of 
Fairbrother and Hurst, 1 who showed that trauma during intraneural 
injection facilitates “takes” by this method of inoculation. 

Going one step farther, and with the knowledge that during the 
first few days after nerve section the nerve cells with axons cut are 
more susceptible to the virus than normal cells, 3 it was decided to 
determine whether simple section of a peripheral nerve and im- 
mersion of the central stump in virus suspension for a few minutes 
was sufficient to produce poliomyelitis. This method, which involves 
no mechanical injection pressure, and which places the virus in con- 
tact with the protoplasm of every axon in the nerve, was found to be 
highly successful in producing poliomyelitis. When a large nerve, 
such as the sciatic nerve, was used, this method of inoculation was 
invariably successful with two strains of known potency, the MV 
and Wfd 5 strains. 

In 9 Rhesus monkeys the sciatic nerve was sectioned with sharp 
scissors peripheral to the sciatic notch or at the mid-thigh level, and 
the central cut end then soaked in as little as 0.1 cc of 20% virus sus- 
pension for several minutes. Poliomyelitis resulted after an incu- 
bation period of 4-6 days. In 5 cases the leg on the side of inocu- 
lation was completely paralyzed on the fifth day; the opposite leg 
was usually paralyzed completely also during the course of the same 
day. 

* This work was supported by n grant from the Commonwealth Fund. 

1 Fairbrother, E. W., and Hurst, E. W., J. Path, and Pact., 1930, S3, IT. 

2 Howe, H. A., and Bodian, D., Proc. Soc. Exp. Biol, axd Med., 1939, 42, 34G. 

3 Trask, J. D., and Paul, J. R., J. Pact., 1936, 31, 527. 
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quently rise above 100 mm Hg, falling later to lower levels; in 2 
others it rose for a short time above 90. Changes comparable in 
magnitude occurred in the systolic pressure. No effect was noticed 
until the injection had been given 5 to 15 minutes, when a spon- 
taneous fall was seen. The blood pressure of five rats followed 1, 
5 and 14 days remained low. An inactive preparation of the enzyme 
gave no effect. 

Variable results were seen in normal rats. In 2, the diastolic 
pressure fell significantly. In the remainder the change was of 
smaller magnitude or a distinct rise was noticed (Table II). 

Five animals operated upon failed to develop hypertension, and 
injection of the enzyme into them gave inconsistent results similar to 
those found in normal rats. 

Injection of the enzyme appeared to have no toxic effect upon the 
animals. 

The fact that this enzyme acts consistently as a depressor in 
hypertensive rats and has a variable effect in normal ones suggests 
that some substance common to the former is changed. It is possible, 
from the specificity of the enzyme for phenolic configurations, that 
the substance contains one or more of these chemical groups. No 
adequate interpretation of these results can, however, be made now, 

TABLE II (Normal Animals). 

Diastolic Blood Pressure mm Hg. Before and After the Inje ction of Tyrosinase. 

15 min 30 min 


Bat No. 

Dose, cc 

Control 

after 

injection 

after 

injection 

Change at Subsequent 

30 min level 

22 

0.5 

90 

121 

110 

+20 

102 — 45 min later 

23 

0.5 

60 

70 

60 

0 

60—61 ” ” 

24 

0.5 

75 

70 

79 

+ 4 

79—64 ” ” 

26 

0.8 

115 

95 

80 

—35 


27 

0.5 

100 

100 

100 

0 


28 

0.75 

70 

50 

52 

—18 

55—55 ” ” 

29 

0.7 

94 

70 

60 

—34 


31 

1.0 

114 

100 

100 

—14 


32 

0.8 

85 

118 

114 

+29 


33 

0.5 

108 

110 

87 

—21 

112—17 days ” 

34 

0.5 

80 

86 

92 

+12 

106— 9 ” ” 

35 

0.5 

105 

126 

120 

+15 

110 — 60 min later 

36 

0.5 

100 

112 

112 

+12 

120—45 ” ” 

37 

0.5 

136 

144 

136 

0 


40 

0.5 

88 

65 

65 

—15 


41 

0.5 

122 

126 

122 

0 


42 

0.5 

102 

104 

98 

— 4 

98 — 45 ” ” 

43 

0.5 

102 

110 

114 

+12 

110—60 ” ” 

45 

0.5 

85 

86 

82 

— 3 


80 

1.0 

80 

65 

87 

+ 7 




M = 95 

M = 96 

Uz= 93 

M =r — 2 


0=52.4 
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Effect of Tyrosinase on Blood Pressure of Hypertensive Rats. 
Henry A. Schroeder. (Introduced by A. E. Cohn.) 

From the Hospital of the JtocX'cfcllcr Institute for Hectical Hcscarch, Xcw York. 


Recent studies on the action of pressor substances in experimental 
arterial hypertension make it probable that some pressor material 
liberated by diseased kidneys is responsible for the elevation of blood 
pressure. Because this pressor substance may be a relatively simple 
amine, an attempt has been made to learn the action of enzymes 
capable of altering certain amines, upon the blood pressure of 
hypertensive and of normal animals. Rats were made hypertensive 
(1) by partial constriction of one renal artery, (2) by unilateral 
hydronephrosis, and (3) by unilateral renal injury, the other kidney 
remaining healthy. Tyrosinase, obtained from Professor J. M. 
Nelson of Columbia University, was injected intravenously into 37 
animals. Blood pressure was measured by a Hamilton manometer, 
the needle of which was inserted into the femoral artery, and records 
made for 40 to 60 minutes thereafter. In a few instances another 
measurement of blood pressure was made several days later. 

In every case the diastolic pressure of the hypertensive animals 
fell 30 mm Hg or more (Table I), and in no case did it return to the 
initial level. Indeed in only one animal (Rat G 104) did it subse- 


TABLE I (Abnormal Animals). 

Diast olic Blood Pressure mm Hg. Before and After the Injection of Tyrosinase. 

15 min 30 min 

after after Change at Subsequent 
Rat No. Dose, cc Control injection injection 30 min level 


H 93 

0.5 

120 

50 

II 94 

1.0 

110 

81 

H 95 

0.4 

102 

50 

n 97 

1.0 

126 

93 

H 100 

0.5 

112 

52 

G 104 

0.8 

134 

8G 

G 113 

0.5 

110 

65 

G 115 

1.0 

120 

102 

G 117 

0.8 

13 2 

S6 

G 121 

0.5 

110 

104 

G 122 

0.5 

110 

100 

G 123 

0.0 

128 

90 

G 140 

1.0 

128 

75 

I 19 

0.75 

112 

60 

I 22 

0.4 

138 

108 


M = 120 M = 80 


70 

—50 

85 — 24 hr later 

65 

—45 

82 — 70 min 

J) 

65 

—37 

70 — 2 mis 

tt 

85 

—41 



82 

—30 

60 — 5 days 

y y 

100 

—34 

92 — 2 mis 

jj 

69 

— 41 

82 — 98 min 

jj 

74 

— 46 



92 

— 40 

82—75 ” 

ti 

80 

—30 

72—80 ” 

f y 

72 

—38 

62—75 ” 

jj 

88 

-40 

100 — 17 days 

u 

68 

—60 

85 — 75 min 

jj 

60 

—52 



96 

—42 

80—70 ” 

jj 

„ 

— 



CO 

II 

a 

M = — 42 




<r= 7.8 
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quently rise above 100 mm Hg, falling later to lower levels; in 2 
others* it rose for a short time above 90. Changes comparable in 
magnitude occurred in the systolic pressure. No effect was noticed 
until the injection had been given 5 to 15 minutes, when a spon- 
taneous fall was seen. The blood pressure of five rats followed 1, 
5 and 14 days remained low. An inactive preparation of the enzyme 
gave no effect. 

Variable results were seen in normal rats. In 2, the diastolic 
pressure fell significantly. In the remainder the change was of 
smaller magnitude or a distinct rise was noticed (Table II). 

Five animals ooerated upon failed to develop hypertension, and 
injection of the enzyme into them gave inconsistent results similar to 
those found in normal rats. 

Injection of the enzyme appeared to have no toxic effect upon the 
animals. 

The fact that this enzyme acts consistently as a depressor in 
hypertensive rats and has a variable effect in normal ones suggests 
that some substance common to the former is changed. It is possible, 
from the specificity' of the enzyme for phenolic configurations, that 
the substance contains one or more of these chemical groups. No 
adequate interpretation of these results can, however, be made now, 


TABLE II (Normal Animals). 

Diastolic Blood Pressure mm Hg. Before and After the Injection of Tyrosinase. 


Eat No. 

Dose, ce 

Control 

15 min 
after 
injection 

30 min 
after 
injection 

Change at Subsequent 

30 min level 

22 

0.5 

90 

121 

110 

+20 102 — 45 min later 

23 

0.5 

60 

70 

60 

0 60—61 ” ” 

24 

0.5 

75 

70 

79 

+ 4 79—64 ” ” 

26 

0.8 

115 

95 

80 

— So 

27 

0.5 

100 

100 

100 

0 

28 

0.75 

70 

50 

52 

—18 55—55 ” ” 

29 

0.7 

94 

70 

60 

—34 

31 

1.0 

114 

100 

100 

—14 

32 

0.8 

85 

118 

114 

+29 

33 

0.5 

108 

110 

87 

—21 112—17 davs ” 

34 

0.5 

80 

86 

92 

+12 106— 9 ” ” 

35 

0.5 

105 

126 

120 

+15 110 — 60 min later 

36 

0.5 

100 

112 

112 

+12 120—45 ” ” 

37 

0.5 

136 

144 

136 

0 

40 

0.5 

88 

65 

65 

—15 

41 

0.5 

122 

126 

122 

0 

42 

0.5 

102 

104 

98 

— 4 98—45 ” " 

43 

0.5 

102 

110 

114 

+12 110—60 ” ” 

45 

0.5 

85 

86 

82 

— 3 

80 

1.0 

80 

65 

87 

+ 7 



11 = 95 

M = 96 

M = 93 

i 

11 

a 






0 = 52.4 
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nor can consideration of these effects be applied to any animals save 
rats with unilateral renal disease until further studies, now in 
progress, indicate that similar action upon blood pressure takes 
place on the use of such enzymes in other mammals. 

Summary. The injection of tyrosinase into hypertensive rats 
consistently and markedly lowered the blood pressure, this effect ap- 
pearing 5 to 15 minutes after intravenous administration. The use 
of this material in normal animals gave variable results. 
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Effect of Two Steroid Compounds on Weight of Thymus of 
Adrenalectomized Rats.* 

Dwight J. Ingle. (Introduced by F. D. W. Lukens.) 

From the George S. Cox Medical Fcscarch Institute, University of Pennsylvania, 

Philadelphia. 

The thymus gland of rats can be made to regress rapidly by the 
administration of extracts of the adrenal cortex or by the ad- 
ministration of some of the steroid compounds occurring in the 
extracts. In studies of the biologic effects of 11-desoxy-cortico- 
sterone acetate and 17-hydroxy-l 1 -dehydro-corticosterone acetate it 
was noted that the latter substance was the more active of the two in 
producing thymus atrophy. 

Male rats of the Sprague-Dawley strain each having an initial 
body-weight of approximately 180 g were used. The diet was Purina 
Dog Chow. The test substances were dissolved in sesame oil and 
administered twice daily by subcutaneous injection. Ten normal 
rats were killed in order to obtain control data on thymus weights; 
10 adrenalectomized rats were maintained for 7 days without treat- 
ment; 5 adrenalectomized rats were treated with 2 mg daily of 17- 
hydroxy-l 1-dehydro-corticosterone acetate; 5 adrenalectomized rats 
were treated with 2 mg of 11-desoxy-corticosterone; and 5 adrenal- 
ectomized rats were treated with 10.0 mg daily of 11-desoxy-cortico- 
sterone. Necropsy was performed on the 7th day. The data on 
body weights and thymus weights are summarized in Table I. 

* I wish to express my appreciation to Dr. H. L. Mason of the Mayo Clinic who 
supplied the sample of 17-hydroxy-ll-dehydro-corticostcrone acetate; and to Dr. 

E. Oppcnlieimcr of the Ciba Pharmaceutical Products, Inc., who supplied the 
11-desoxy-corticosterone acetate. 
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TABLE L 

Body-W eights and limans Weights of Adrenalectomized Bats. 

Boar rrt Tfcymns rrt 


Erper. grasp 

No. 

^nTmr?Ig 

c 

Avg 

Bange 

/- JJI — - 

Avg 

» 

Bange 

Normals 

10 

ISO 

17P-1S1 

447.0 

355-576 

Untreated 

10 

153.5 

143-173 

3S7.0 

302-523 

2.0 mg dailr 17-fcvdrorv-ll- 

deivdro-corticosieroae 

5 

156.4 

145-171 

24.6 

21-27 

2.0 mg dailv U-desoxv- 

corticosterone acetate 

o 

200.4 

195-203 

341.0 

255-395 

10 mg dailv U-desoxv- 

corticosterone acetate 

5 

194.4 

156-199 

239.0 

203-295 


Although 2 mg daily of 17-hydroxy-l 1 -dehydro-corticosterone 
acetate did not protect the adrenalectomized rat against a loss in 
body weight it did produce a marked regression of the thymus. A 
similar dose of 11-desoxy-corticosterone acetate permitted the ad- 
renalectomized rat to gain in weight during the period of treatment 
but it did not produce a significant regression of the thymus. The 
administration of 10 mg daily of 1 1-desoxy-corticosterone acetate 
did produce a definite loss in thymus weight but the extent of atrophy 
was much less than that produced by the 2.0 mg daily dose of 17- 
hydroxy-ll-dehydro-corticosterone acetate. Selye 1 has previously 
observed a regression of the thymus following the administration of 
1 1-desoxy-corticosterone to rats. 

Wells and Kendall 1 reported that the administration of 1 1-desoxy- 
corticosterone acetate to normal rats did not cause regression of the 
thymus, whereas positive effects were obtained by the administration 
of corticosterone and its acetate. These workers administered the 
1 1-desoxy-corticosterone acetate in a different manner than was 
used in this experiment and they did not administer amounts as large 
as 10.0 mg daily. Ingle and Mason 1 had previously noted regression 
in the weight of the thymus following the administration of 17- 
hydroxy-l 1-dehydro-corticosterone in solid form to the normal rat. 
The quantitative relationship of these compounds in respect to the 
effect upon the thymus is similar to that of their effect upon the 
capacity of the adrenalectomized rat to work 4 ' 5 and differs from 
their relative life maintenance activity. 

1 Selye, BL. The Ccr.cdiar. i£ed. Asm. 3- 1940, 42. 113. 

2 Wells. B. B- and Kendall. E. C., Proc. Stef If erf. Mayo CtirJc. 1940. 15. 133. 

3 Ingle, D. J., and Mason, H_ L.. Peoc. Soc. Ex?. Biox. ax? Me?.. 193S. 39. 154. 

-s Ingle, D. J.. Endocrinology, 1940, £6. 472. 

3 Ingle. D. J.. Endocrinology. in press. 
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Diabetogenic Effect of Some Cortin-Like Compounds. 
Dwight J. Ingle. (Introduced by F. D. W. Lukcns.) 

From the George S. Cox -1 / cdical Research Institute! University of Pennsylvania! 

Philadelphia, 


Studies by Long and his coworkers 1 demonstrated tiie diabetogenic 
effect of sonic of the steroid compounds occurring in the adrenal 
cortex. The effect of 1 1-desoxy-corticosterone acetate was found 
to be slight compared to that of corticosterone and 11-dehydro- 
corticosterone. Jensen and Grattan 2 have reported that 1 1-desoxy- 
corticosterone acetate is much less effective in preventing insulin 
convulsions in mice than arc corticosterone and 1 1 -dehydro-cortico- 
sterone. 

In the following experiments partially depancreatized 3 male rats 
having a body weight of approximately 2S0 g were used. The food 
intake of each animal was kept constant by administering the food 

TABLE I. 

Effect of Some Cortin-like Compounds on tlie Glycosuria of Partially Depan- 

croa tired Rats. 


Glycosuria g/day' 


Substance 

■i-uijiy 

dose, 

mg 

Rat No. 

r 

Before 

inj. 

During 

inj. 

Follorving 

inj. 

11-dcsoxy-eorticosterone 

1 

7 

0 

0 

0 

acetate 

O 

3 

0 

0 

0 


O 

3 

0 

0 

0 


5 

3 

0 

0 

0 


5 

5 

1.75 

3.75 



10 

5 

1.11 

O JO 

: impk 


5 

8 

1.00 

3.80 



10 

7 

0.05 

1.17 


3 7 -li vdroxr-3 3 -dchyd to- 

1 

8 

1.78 

3.70 

t 

corticosterone acetate 

o 

O 

2.03 

4.20 

t 


it 

3 

0 

O JO 

0 


o 

11 

0 

4.7 

t 


5 

3 

0 

5.50 

0 

17-hydroxy-corticostcrone 

2 

7 

0.90 

5.80 

t 


'The highest single value for daily excretion occurring prior to injection; the 
highest value for the response elicited by the injection; and the highest value 
following the injection period are given here. 

fTheso experiments were terminated by the development of a severe ketonuna. 
Rats 2, 7, and II succumbed. Rat 8 was treated with insulin and recovered. 

' t Lang, C. N. H., Katziti, B„ and Fry, E., Endocrinology, 1940, 20, 309. 

- Jensen, H., and Grattan, J. F., Am. J. Physiol., 1940, 128, 270. 

3 Shapiro, R., and Pineus, G., Paoc. Soc. Exp. Biot, and Med., 19 36, 34, 410. 
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by stomach tube in the manner described by Reinecke, Ball and 
Samuels. 4 The test substances were dissolved in sesame oil and ad- 
ministered by subcutaneous injection twice daily. Each series of 
injections was continued for 4 days. The results are summarized 
in Table I. 

The compound 17-hydroxy-ll-dehydro-corticosterone appears to 
be more potent than 11-desoxy-corticosterone in its diabetogenic 
effect. In the one test of 17-hydroxy-corticosterone the increase 
in the glycosuria was very marked, indicating that this substance is 
also very active. Jensen and Grattan 5 have observed that the anti- 
insulin effect of 17-hydroxy-l 1 -dehydro-corticosterone and 17-hy- 
droxy-corticosterone is greater than the anti-insulin effect of 11- 
desoxy-corticosterone. 

The relative effects of the cortin-like compounds on carbohydrate 
metabolism parallel very closely their effects upon the capacity of 
adrenalectomized rats to work® but differ from their relative main- 
tenance activity. 

The author is grateful to Miss Dorothy Quinn for technical 
assistance; Dr. H. L. Mason of the Mayo Clinic, who supplied the 
sample of 17-hydroxy- 11 -dehydro-corticosterone acetate and 17- 
hydroxy-corticosterone; and Dr. E. Schwenk of the Schering Cor- 
poration, Bloomfield, New jersey, who supplied the 11-desoxy- 
corticosterone acetate. 

■* Reinecke, R. M., Ball, H. A., and Samuels, L. T., Proc. Soc. Exp. Biol, and 
Med., 1939, 41, 44. 

5 Jensen, H., and Grattan, J. F., personal communication. 

® Ingle, D. J., Endocrinology, in press. 
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Alcoliolate of Trimer of Hydroxypyruvic Aldehyde as Antidote 
in Mercuric Chloride Poisoning. 

William Ellsworth Evans, Jr. (Introduced by J. C. ICrantz, Jr.) 

From the Department of Pharmacology, School of Medicine, University of 
Maryland, Baltimore, Md. 


A method for the purification of the alcoliolate of the trimer of 
hydroxypyruvic aldehyde 1 and a study of the metabolism of this 
compound 2 have been reported. 

The compound elepolymerizes readily in aqueous solution, yield- 
ing 2 mols of hydroxypyruvic aldehyde and 1 mol of the alcoliolate of 
the monomer and will therefore be referred to as hydroxypyruvic 
aldehyde. The aqueous solution reduces mercuric chloride rapidly 
in the cold, especially in the presence of disodium phosphate. 

This investigation was undertaken to determine the capacity of 
hydroxypyruvic aldehyde and disodium phosphate to act as an anti- 
dote in experimental mercuric chloride poisoning. 

Experimental. The experiments were performed on rabbits and 
cats. All animals were fasted during the IS hours prior to experi- 
mental use, excepting 2 rabbits which were fasted for 48 hours. 
Mercuric chloride was administered by stomach tube in all of the 
experiments. Hydroxypyruvic aldehyde and disodium phosphate were 
given consecutively, whether administered orally or intravenously. 
Oral doses were followed by a wash of 1 cc of water. 

1. Rabbit Experiments. In this series of experiments mercuric 
chloride was administered in 1 % solution, hydroxypyruvic aldehyde 
in 5% solution and disodium phosphate in 5% solution. 

Blood urea-nitrogen levels were determined by Karr’s direct Ness- 
lerization method. 3 These are recorded in Table II. 

The respective groups of rabbits were treated with the antidote 
orally and intravenously 15, 30, and 60 minutes after the adminis- 
tration of mercuric chloride. These dosages are recorded in Table I. 
In most cases oral treatment with the antidote was repeated. 

2. Cat Experiments. In this series of experiments each cat re- 
ceived 5 mg of morphine sulfate per kg of body weight subcutaneously 

1 Evans, W. E., Jr., Carr, C. J., and Krantz, J. C., Jr., J. A. C. S., 1938, 

GO, 1628. ^ 

2 Evans, W. E., Carr, C. J., and Krantz, J. C., Jr., Pboc. Soc. Exp. Biol, and 

Med., 1938, 30, 573. 

3 Karr, W. G., J. Bab. Clin. Med., 1924, 9, 3. 
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TABLE I. 


Dosages of Substances Administered to Babbits. 


Substance 

Dosage (mgAg) 

Oral Intravenous 

Mercuric Chloride 

20 

0 

Hydroxypyruvic Aldehyde 

500 

125 

Disodium Phosphate 

250 

65 


one hour before the experimental poisoning in order to prevent 
vomiting. Mercuric chloride was administered in 2% solution and 
hydroxypyruvic aldehyde and disodium phosphate in 10% solution. 

Groups of cats were treated with hydroxypyruvic aldehyde and 
disodium phosphate at intervals of 1, 5 and 15 minutes respectively, 
after the administration of a fatal dose of mercuric chloride. The 
results are shown in Table III. 

Discussion. Autopsies performed on rabbits No. 10, No. 21, and 
No. 24 showed no gross pathology of the gastrointestinal tract or 
kidneys. On examination of rabbit No. 10 the liver was found to be 
highly parasitized and there were hemorrhagic patches on the lungs. 
Death of rabbits No. 23 and 25 on the eleventh day of the experi- 
ments may have been caused by unusually hot weather. This con- 
clusion is supported by the blood-urea-nitrogen determinations made 
on the ninth day. These determinations indicated that there was 
slight or no renal impairment at this time. 

Treatment of 11 rabbits with hydroxypyruvic aldehyde and diso- 
dium phosphate one hour after the administration of mercuric chlo- 
ride prevented renal injury in 9 animals. Decreased chance of sur- 
vival after prolonged fasting is indicated by the blood urea-nitrogen 
levels of the 2 animals which had been fasted for 48 hours prior to 
experimental poisoning. Oral treatment with the antidote again on 
the second day of the experiment may favor recovery. 

Oral treatment of 11 cats with hydroxypyruvic aldehyde and 
disodium phosphate one minute after the administration of mercuric 
chloride prevented acute poisoning. Nine animals survived longer 
than 30 days. The other 2 cats died on the seventeenth and twenty- 
fourth days, respectively, of the experiment. The antidote did not 
protect cats effectively if 5 minutes had elapsed before treatment but 
did increase the average survival time. Hydroxypyruvic aldehyde 
and disodium phosphate had no antidotal action when administered 
15 minutes after mercuric chloride had been given. 

Conclusions. Hydroxypyruvic aldehyde in the presence of di- 
sodium phosphate acted, within the limits set forth in these experi- 
ments, as an effective antidote against mercuric chloride poisoning in 
rabbits and cats. 
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Each cat received S mg of morphine aulfato por kg body weight a ubcutancousiy one hour bof ore mercuric chlorido was administered. 
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Alterations in the Blood Histamine in Shock. 

Bram Rose and J. S. L. Browne. 

/■'mm the McGill University Clinic, 1 loyal Victoria Hospital, Montreal, Canada. 


W ithin the last decade much experimental data has accumulated 
on the subject of shock, and the explanation of its mechanism has 
been greatly clarified. There is still considerable controversy, how- 
ever, about the actual factors responsible for the production of this 
syndrome. A discussion of the prevalent theories cannot be under- 
taken here for reasons of space but excellent reviews are available. 
(Moon. 1 ) 

In an effort to investigate the relationship of histamine to various 
clinical conditions, the total blood histamine of a series of normal 
individuals was determined, using the method of Barsoum and 
Gaddunr as modified by Code. 3 Since the production of reactive 
hyperemia by prolonged stasis of the circulation has been demon- 
strated to increase the blood histamine (Barsoum and Smirk 4 ), 
specimens were obtained observing precautions against stasis. In a 
series of 50 controls the average figure was found to be 0.04 y/cc 
(as base) with variation of from 0.025 to 0.08 y/cc. These figures 
agree in general with those of Haworth and MacDonald, 3 although 
they found a variation from 0.018 y/cc to 0.078 y/cc. In repeated 
examinations of the blood of the same individual from time to time 
over a period of months, it has been found that the blood histamine 
remains at a fairly constant level. For example, in a patient whose 
first sample contained 0.07 y/cc subsequent samples at intervals of 
2 days contained 0.07, 0.065 and 0.07 y/cc. Three more at weekly 
intervals and a later one taken 2 months after the initial examina- 
tion all gave values of 0.07 y/cc. In several of the patients, one 
with an initial blood histamine value of 0.05 y/cc and another with 
0.04 y/cc similar results were obtained. In a series of 150 patients 
with various conditions, 19 cases presenting shock varying from a 
mild form to severe collapse as determined by clinical signs and blood 

lJIoon, V. H., Ann. Ini. Med., 1938, 12, 205; Shod- and delated Capillary 
Phenomena, Oxford TJnir. Press, 1938. 

-Barsoum, G. S., and Gaddum, J. H., J. Fhys., 1935, 83, 1; Clin. Sci., 1936, 

2, 357. 

3 Code, C. F., J. Fhys., 1937, 89, 257. 

4 Barsoum, G. S., and Smirk, F. H., Clin. Sci., 1935, 2, 353. 

5 Haworth, E., and MacDonald, A. D., J- Hyg., 1937, 37, 234. 
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studies including plasma specific gravity, hemoglobin and hemato- 
crit estimations were studied. In 4 cases, a single determination only 
was obtained. Control specimens were taken either before operation 
or after recovery in the remaining IS. These have been divided into 
3 groups. Table I gives the histamine values obtained on 8 patients 
who underwent surgical operation without manifesting any clinical 
or other signs of shock. One case of severe trauma in a child of 8 
is also included. 

It will be observed that little or no change in the blood histamine 
occurred in 5 of these patients. In 2, however, (No. 155 and 162) 
a moderate decrease occurred. Blood studies were performed simul- 
taneously and in no instance was there any degree of hemoconcentra- 
tion. One exception in this group is patient No. 96 in whom a single 
determination only was obtained several hours after operation and the 
value for blood histamine was 0.015 y/cc, which is low as compared to 
the normal average. He did not have any symptoms of shock. 


TABLE I. 

Blood Histamine in Patients Undergoing Surgical Operation Without Developing 

Shock. 


Case 

No. 

Age 

Sex 

Operation 

Time of 
specimen 

Blood histamine 
y/cc 

70 

30 

F 

D and C 

Control 

.05 





1 hr 

.03 

96 

32 

M 

Nephrectomy 

4 hr 

.015 

117 

30 

M 

Gastric 

Control 

.06 




resection 

4 hr 

.05 

134 

34 

M 

Gastric 

Control 

.065 




reseetion 

1 hr 

.075 





2 hr 

.05 





24 hr 

.05 

148 

45 

M 

Gastric 

Control 

.035 




resection 

3 hr 

.042 

155 

36 

F 

Thoracotomy 

Control 

.062 





3:30 hr 

.035 





24 hr 

.033 





7 days 

.025 





14 days 

.042 

162 

50 

F 

Cholecystectomy 

Control 

.06 





2 hr 

.05 





24 hr 

.04 





2 days 

.06 





8 days 

.08 

93 

9 

M 

Trauma to leg 

1 hr after trauma 

.04 




followed by 

1 hr after 





amputation 

amputation 

.04 
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Blood Histamine and Shock 


Eight patients who exhibited signs of shock following operation 
are presented in Table II. Six of these showed marked changes in 
(he blood histamine, and this was also accompanied by evidences of 
hemoconcentrafion as determined by simultaneous blood studies. 
It will be observed that as a general rule, the blood histamine is low 
or decreasing within 2 to 3 hours following the operation and that 
there is a return to normal or even high levels after varying intervals 
of time. 

In Table III are presented 3 patients admitted following severe 
trauma. Single determinations only were available on 2 of these, 
No. 4 and 131, and it will be noted that the blood histamine level is 
decreased. Case 1 IS was admitted to the hospital within 45 minutes 
after having sustained a severe traumatic injury complicated by 
hemorrhage. A specimen was obtained before any therapy was ad- 
ministered and the blood histamine was found to be 0.1 1 y/cc. This 
is higher than the normal value. Following amputation of the right 
arm, and administration of cortin intravenously along with a trans- 
fusion, the blood histamine was again determined and found to be 
0.04 y/cc. On the following day, a third specimen was found to be 
0.02 y/cc at 10 :30 A.M. and at 12 :30 P.M. the patient died. It should 
be noted that in all other cases, the first examination of the blood was 
done only several hours after the trauma. 

A single determination only was obtained in 6 cases in whom 
death occurred within 3 to 4S hours. These are presented in Table 
IV and it will be noted that the blood histamine is markedly decreased 
in all as compared to normal values. 

The histamine theory of shock has been rejected by many different 

TABLE IV. 


Cases in Agonal States. 


Case 

No. 

Sex 

Ago 

Diagnosis 

Time of 

death after Time before 
operation death 

or onset of specimen 
symptoms taken 

Histamine 

7 /cc 

8 G 

F 

45 

Sovero turns 

7 days 

24 hr 

, 001 ± 

111 

F 

33 

Dehydration 







colitis 


24 ,f 

.015 

no 

M 

40 

Mesenteric 







thrombosis 

36 hr 


,015 


F 

35 

Extreme 







cachexia 

6 mo 

48 ” 

,001 

335 

M 

GO 

Ca of stomach 


48 ” 

.01 

157 

F 

30 

Pneumonia and 

7 days P.O. 

3 ” 

.005 




peritonitis 







following 







appendectomy 


— 
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workers mainly because of the difficulty of demonstrating the pres- 
ence of an active depressor substance in the blood of experimental 
animals or in that of man during shock (Schneider, 6 O’Shaughnessy 
and Slome, 7 Dragstedt and Mead 8 ). On the other hand, histamine 
is looked upon as a factor responsible for the production of symp- 
toms of anaphylactic shock in the guinea pig (Bartosch, Feldberg 
and Nagel, 9 Code 10 ), and in the dog (Dragstedt and Mead, 11 
Code 10 ). In both of these species, anaphylactic shock is accompanied 
by an increase of the blood histamine. Furthermore, there is little 
difference between the symptoms of anaphylactic shock and hista- 
mine shock in either of these species or in the rabbit. Yet, in the 
rabbit, the onset of anaphylactic shock is accompanied by a marked 
decrease in the blood histamine (Rose and Weil 12 ). This has also 
been shown to occur in the horse and calf (Code and Hester 13 ). It 
may be of interest to note that according to Moon 1 there is a funda- 
mental similarity in the pathology of anaphylaxis and shock, namely 
changes in capillary function and endothelium. 

Previous reports on the blood histamine in cases of shock due to 
extensive burns have indicated that there is first an increase of blood 
histamine followed by a slow return to normal (Barsoum and Gad- 
dum, = Code and MacDonald 14 ). According to Barsoum and Gad- 
dum there was no relation between this rise and secondary shock. 
Only one case with severe burns has been available in the present 
study, in this a simultaneous study of the blood histamine, hemo- 
concentration and blood electrolytes was made. (Case No. 86). 
The blood showed marked hemoconcentration, and no histamine 
was found. This specimen was obtained on the sixth day after the 
trauma and the patient died 48 hours later. 

In view of the above results, there appears to be a mechanism 
whereby the blood histamine is diminished in conditions where the 
accepted criteria of shock exist, and in certain other cases shortly 
before death. The nature of this mechanism is not yet clear, but 
may possibly be due to a transfer of the histamine of the blood to the 

® Schneider, H-, Deutsche Z. f. Chir., 1930, 229, 343. 

7 0 ’Shaughnessy, H. L., and Slome, D., Brit. J. Surg., 1935, 22, 589. 

8 Dragstedt, C. A., and Mead, F. B., J. Am. Med. Assn., 1937, 108, 95. 

9 Bartosch, B,, Feldberg, W., and Nagel, E., Arch. f. d. ges. Physiol., 1932, 
230, 129. 

10 Code, C. F., Am. J. Physiol., 1939, 127, 78. 

u Dragstedt, C. A., and Mead, F. B., J. Pharm. and Exp. Ther., 1936, 57, 419. 

1 9 Rose, B., and Weil, P., Pp.oc. Soc. Exp. Biol, axd Med., 1939, 42, 494. 

w Code, C. F., and Hester, H. R., Am. J. Physiol., 1939, 127, 71. 

11 Code, C. F., and MacDonald, A. D., Lancet, 1937, 233, 730. 
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Eight patients who exhibited signs of shock following operation 
are presented in Table II, Six of these showed marked changes in 
the blood histamine, and this was also accompanied by evidences of 
henioconcentration as determined by simultaneous blood studies. 
It will be observed that as a general rule, the blood histamine is low 
or decreasing within 2 to 3 hours following the operation and that 
there is a return to norma] or even high levels after varying intervals 
of time. 

In Table III arc presented 3 patients admitted following severe 
trauma. Single determinations only were available on 2 of these, 
No. 4 and 131, and it will be noted that the blood histamine level is 
decreased. Case 1 18 was admitted to the hospital within 45 minutes 
after having sustained a severe traumatic injury complicated by 
hemorrhage. A specimen was obtained before an} - therapy was ad- 
ministered and the blood histamine was found to be 0.1 1 y/cc. This 
is higher than the normal value. Following amputation of the right 
arm, and administration of cortin intravenously along with a trans- 
fusion, the blood histamine was again determined and found to be 
0.04 y/cc. On the following day, a third specimen was found to be 
0.02 y/cc at 10 :30 A.M. and at 12 :30 P.M. the patient died. It should 
be noted that in all other cases, the first examination of the blood was 
done only several hours after the trauma. 

A single determination only was obtained in 6 cases in whom 
death occurred within 3 to 4S hours. These are presented in Table 
IV and it will be noted that the blood histamine is markedly decreased 
in all as compared to normal values. 

The histamine theory of shock has been rejected by many different 

TABLE rv. 

Cases in Agonal States. 

Time of 

death after Time before 
operation death 
or onset of specimen Histamine 

Sex Ace Diagnosis symptoms t aken y/ cc 

,0D1± 

.015 

.015 

.001 
.01 
.005 





















Severe burns 
Dehydration 
colitis 
Mesenteric 
thrombosis 
Extreme 
cachexia 
C .1 of stomach 
Pneumonia and 
peritonitis 
following 
appendectomy 


7 days 24 hr 

24 ” 

36 hr 12 ” 

6 mo 48 M 

48 ” 

7 days P.O. 3 ” 


Case 

No. 
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Altos fc-. Light, Ed wen* J. deBeer ax'd Charles A. Coor,. (In- 
troduced by L. Reiner.) 

Free** the jSuttc T iCfis YT&JcoTz.e & Cc. T7. £- Kjtc cr\, r'.cvtc 7 . Kc-icctcc. LchcTc*iCTie^ T 

Xv.clccr.ce 7 ’r. J”. 


The solvent action or phosphate buffer, urea and sodium hydrox- 
ide solutions in extracting the growth principle of the anterior 
pituitary gland was investigated with the aid of a comparatively 
simple bioassay method. 1 The potency of each extract was deter- 
mined and expressed as mg per cc of a standard anterior lobe powder. 
The percent yield was calculated by dividing the potency by the 
number of mg of powder used per cc in making the extract.* 

To facilitate comparison, all extracts were prepared in as uniform 
a manner as possfole from the same desiccated, powdered anterior 
lobe substancef which also served as the standard for all assays. 
For example, phosphate buffer extract Xo. I (Table I) was pre- 
pared by extracting 25 g of powder with 200 cc of a solution. ( pH 8) 
containing 5.616 g of anhydrous Xa ; HPO« and 0.302 g of anhy- 
drous KH-PO-; per liter. After 3 hours of continuous stirring at 
10 'C, the insoluble residue was separated by centrifuging and suc- 
cessively extracted with three 125 cc volumes of buffer solution. 
The combined extract, which had a pH of 7.5, was filtered through 
cellulose and asbestos pads, sterilized by filtration through a Seitz 
apparatus and stored at 10 'C in sterile rubber-capped bottles. After 


1 light, A. E_ deBoer, E- J_ and Ccoi- C. A_ in cress. 

* Insaectica radicates that the cc se-restcase carre (Eig. X) fer the extracts 
reseraiies that fer tit tender rest easier. An exrerineat sxfLeieatlj elaccrate ta 

he reserved fer a selected extract since it is cirrioasix iatcractical to cc this 5cr 
each extract. Hcrrexer. at least 2 arc erten 4 graded dcs<=s cf each extract rre re 
girea firtrateritcaeallx} thas establishing the slcte fer each, extract carte. The 
staadard trzs enclosed ia each assax. Ic the fcEctriag exsattle, the staadard 
coaiaias 5 tag cf tender ter cc. 


Standard 


ExtraetSD 


Dose Besncxse 

ee/lGO g rat Sc gain in nt 
0.05 1-2 

CJ.0 3.0 

Therefcre. I ec cf extract ecniaiaiag 


Dose 

cc/LCO g rat 
0.01 
0.02 


Eesacnse 
OS gait in na 


cc or 32 r-g cf s tandar d g 

r Bcrrtaghs WeEccate dr Cc. (The Welle i 
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damaged area or to certain of the abdominal viscera. This may pos- 
sibly account for the failure to demonstrate an increase in the hista- 
mine content of the blood when shock is well established, although 
some of the cases indicate that there may be an early increase. It 
may be that there is first a liberation of histamine which is rapidly 
followed by a decrease of the blood histamine below the normal value. 
This could be accounted for if one assumed that the histamine gathers 
in the tissues, or traumatized area, as it does in areas of inflamma- 
tion (Tarras-Wahlberg, 15 Rocha e Silva and Bier 10 ). Furthermore, 
in dogs it has been shown that following burns there is first an in- 
crease of the blood histamine, followed by a disappearance in a 
matter of 2-3 days, accompanied by an increase in the histamine con- 
tent of the spleen, liver and pancreas (Kisima 17 ). There is a marked 
similarity between adrenal insufficiency and shock and it has been 
demonstrated that the histamine content of the gastro-intestinal tract 
increases to 250% over the normal in adrenalectomized rats, al- 
though there is little change in the blood histamine of these animals. 

It should be pointed out that although the blood histamine is 
markedly diminished in patients where shock is established, such a 
diminution may occur in certain other conditions in cases of allergy. 
In these latter states, however, one does not observe as marked a 
variation in the histamine content of the blood. This will be dis- 
cussed in a subsequent communication. 

Conclusions. In a series of patients in varying types of shock 
manifested by clinical signs, hemoconcentration, and lowering of 
the B.P. the total blood histamine has been determined. The results 
indicate that in the cases studied a marked diminution of the hista- 
mine content of the blood occurs when shock is established as com- 
pared with control values and those after recovery. There appears 
to be some correlation between the severity of the shock and the 
degree of blood histamine decrease. Blood histamine has also been 
found to be low in agonal states. The significance of these findings 
is discussed. 

15 Tarras-Walilberg, B., Klin. Wschr., 1937, 1C, 95S. 

16 Rocha c Silva, M., and Bier, O., Arq. do Inct. Biology, 1938, 9, 123. 

l" Kisima, H., Fukuoka Acta. Medico, 1938, 31, 49. 
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several weeks a precipitate appeared in this extract. The high yield 
indicates that most of the active material was extracted. About 1% 
of the extract was organic matter, probably protein. This figure 
was approximated by 3 different methods, i.c., by trichloracetic acid 
precipitation, by calculating the total N as protein and by subtracting 
the ash, which was largely due to buffer salts, from the total solids. 

In contrast to the buffer extracts, the gelatinous nature of the ex- 
tracts prepared with dilute aqueous NaOH solutions made them very 
difficult to clarify by filtration. Furthermore, a considerable pre- 
cipitate formed after one week of storage. In preparing this type of 
extract, NaOH was added at intervals in order to maintain the pH 
at 7.5. These extracts were not as uniform in potency as those ob- 
tained with phosphate buffers. 

Urea, in high concentrations has been shown to bring about re- 
markable changes in the chemical and physical properties of certain 
proteins. 2 ' 3 Accordingly, a study was made of the properties of 
phosphate buffer extracts containing 1%, 5%, 10%, and 20% urea. 
(Table I.) These preparations were of about the same potency as 
the phosphate buffer extracts. The addition of urea in concentra- 
tions as low as 1% or 5% retarded precipitation for several months, 
particularly if the urea were added just before filtration through a 
Seitz apparatus. When the concentration of urea was 10% or 20%, 
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growth hormone preparations. Groups of 15 normal, plateaued, 
female rats, approximately 5 months of age, were selected with 
respect to strain (Yale), weight (240-300 g) and diet (Fox Chow). 
Three preliminary' weighings during a 5-day period were necessary 
to establish the fact that a plateau level in the normal growth curve, 
essential for the assay' method, had been reached. To accustom the 
animals to the standardized routine treatment, injections were also 
made at these times with saline, phosphate buffer (pH 8) or 10% 
urea in 0.04 molar buffer solution. 

Well-defined dose-response curves were obtained when daily, 
graded doses of a saline suspension of desiccated anterior lobe sub- 
stance* were injected intraperitoneally' (Graph I). A sufficient 
quantity 7 of this material was also available to serve as a standard 
for subsequent assays. Statistical analysis of a curve based on results 
obtained with 165 rats revealed that on the steeply ascending portion 
of the curve, below the plateau level, the per cent increase in body' 
weight was a linear function of the logarithm of the dose. 

In routine assays, 2 groups were injected with sub-plateau doses 



"Burroughs Wellcome & Co. (The Wellcome Foundation, Ltd.), London. 
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the extracts were still clear at the end of 6 months. When extracts 
6 and 9 were dialyzed through cellophane membranes about 95% of 
the urea was removed and precipitates appeared in the corresponding 
preparations, 6D and 9D, in about 3 weeks. 

As extracts 9 and 10 indicate, it appeared unnecessary to increase 
cither pH or volume in order to improve the efficiency of the extrac- 
tion. The \ c /o guanidine extract yielded an amount of hormone 
similar to that of the 1% urea. 

Summary . Phosphate buffer extracts of growth hormone were 
highly active when assayed in terms of anterior pituitary powder. 
This method of extraction permitted a careful control of pH and 
gave high yields of hormone. These extracts had less tendency to 
form precipitates than those prepared with sodium hydroxide. The 
addition of urea retarded such precipitation. 
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Biological Assay of Anterior Pituitary Growth Hormone. 


Amos E. Light, Edwin J. deBeer and Charles A. Cook. 
(Introduced by L. Reiner.) 

From the Burroughs Wellcome <f- Co. V. S. A. experimental Research Laboratories, 

Tuclahoe, X. T. 


Normal animals have been employed in the assay of growth hor- 
mone by Evans ct al . ,* V an Dyke and co workers 2 and Lee. 3 Inherent 
limitations of such an assay method have emphasized the importance 
of statistical treatment of the data. Bulbring, ^ working with hypo- 
physectomized rats, has utilized the rapidly rising portion of a dose- 
response curve and has reported results which indicated relatively 
low limits of error. 

In order to avoid the complex metabolic derangements associated 
with an extirpation of the entire pituitary gland, an assay procedure 
was developed in which groups of normal rats were used to deter- 
mine the increased body weight resulting from administration of 

lEvans, IlT M., Uyei, N., Bartz, Q. R. ; and Simpson, M. E., Endocrinology, 
1938, 23, 483. 

2 Chou, C., Chong, C., Cfien, G., and Van Dyke, H. B., Ibid., 322. 

3 The Pituitary Gland, Proc. Assn, for Research in Nervous and Mental Disease, 
17, Williams & Wilkins, Baltimore, 1938, 310. 

4 Bulbring, E,, Quart. J. Pharm. and Pharmacol., 1938, 11, 20. 
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potency should fall 21 out of 22 times, can be obtained by dividing 
the potency by the antilog of 2 S.E. for the lower limit and multiply- 
ing the potency by the antilog of 2 S.E. for the upper limit. 

As shown in Graph I. a longer period of treatment results in an 
increased slope of the sub-plateau portion of the curve. This would 
tend to narrow the limits of error but it is partly offset by an increase 
in the standard deviation. The limits of error when calculated as 
described above were 67-149, 70-142, 71-140 and 68-147% of the 
mean potency for the 5-, 7-, 10- and 15-day periods of treatment, 
respectively. These limits of error have been confirmed by addi- 
tional assays with normal rats. The average of 3 1 standard devia- 
tions was 1.6 for the 5-day assay. In view of these results, the 5-day 
period was used for routine assays. Bulbring's data from hypo- 
physectomized rats gave limits of 49-206% for the 7-day period 
when calculated as above. These wider limits are largely due to the 
fact that Bulbring used only 5 animals per group instead of 15 as 

Sjp. 

used in the present study, since the ratio is approximately the 

4^95 

same for both sets of data. Bulbring*' s ratio is - or 0.354. The 

J. m. 

corresponding figures from Graph I are or 0.293. The actual 

values for standard deviation and slope are not comparable since 
Bulbring expresses the response in grams, while in Graph I response 
is given in per cent. 

In comparing 2 preparations assayed against the same standard, 
but at different times, the standard error, by the formula 6 for the 
standard error of the difference of 2 means is 


s - E -(sr 1 — il.) ~ *\J (s-E-iij ) 2 ‘ ( S - E - ji 2 ) _ 

is the s.E. is the standard error of one assay and s.e. Mo where 
standard error of the other assay. Since these values are approxi- 
mately equal, the standard error is the \/2 or 1.41 times the standard 
error of a single assay, which for a 5-day period gives limits of 
about 57-174%. This means that for 2 preparations, each assayed 
against the same standard powder, one must be nearly twice as 
potent as the other in order to be considered significantly different. 
Evidence is being accumulated as to the stability of the hormone in 
the anterior pituitary powders and in experimental extracts. 

® Coward, K. H., Biological Standardisation of the Vitamins, Balliere, Tindall 
and Cox, London, 1938, 166. 
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of the standard powder* and two with the experimental extract. 
For each preparation the ratio of the greater dose to the smaller 
should be at least 2 to 1. The standard powder was suspended in a 
saline, buffer or urea solution and the assay data from 5 daily injec- 
tions were used to calculate the potency of experimental preparations 
in terms of milligrams of the standard powder. Final group weights 
were recorded 120 hours after the initial injections of either the 
standard powder or the extracts. The groups were also weighed 
daily at the time ot injection for evidence of any irregularity in body 
weight. Control groups injected with saline, 10% buffer solution 
or various doses of an inactive pituitary extract showed no significant 
changes in body weight. 

Gaddum 1 ' has shown that the statistical evaluation of biossays 
involving a linear relationship and the use of a standard substance 
can be greatly simplified by following the plan given below. Using 
4 groups, each containing an equal number of animals, let X n , X 12 
be 2 doses of the standard preparation and X 21 , X 22 the doses of the 
test preparation, and the corresponding mean responses of each 
group be Y n , Y 12 , Y 21 and Y.«. The responses were expressed as 
per cent gain in body weight. Let d, the log of the ratio of the 

Xno 

greater to the smaller dose, i. c.,~ ■ , be the same for each prepara- 

tion. The following equation will then express the potency of the 
test preparation in terms of cc of the standard solution. 


Xii “h Yoo Xjl 4" Y 12 \ 

1 cc of test solution = — — antilog ^ — — — — — J 


The term b, or slope, serves to convert each average response, i. c., 
— an( j — Yl2 , into the logarithms of the corresponding 

average doses. Since the resulting terms are logarithmic, the differ- 
ence between the two values represents the antilog of the ratio of the 
two average doses. The average slope, b, is given by the expression, 

b = ¥ (““a + 5 ) ■ 


The standard error of the assay, expressed logarithmically, is 
S .E. _ i- , where S.D. is the standard deviation, b is the slope 

and n is the number of animals in a single group. When restricted 
to the sub-plateau levels, the standard deviation was independent of 
the size of the dose. The limits of error within which the calculated 

YYddum, J. H., Med. Res. Council, Special Report Series No. 183. 1933, 31. 
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two, a uremic patient and a normal donor, were then connected by a 
suitable rubber tubing filled with heparin in saline. The tubes passed 
through a roller pump which milked forward the same quantity of 
blood in opposite directions. A 400 mm manometer was placed 
between the pump and the recipient (IB and 2C), thus providing a 
sensitive indicator of any obstruction in the needle and at the same 
time a safeguard against undue increasing pressure in the receiving 
vein (Fig. 1). 

Sufficient bicarbonate of soda was given to the donor and the 
recipient to make the urine alkaline as a preparatory measure. Trials 
of the apparatus in artificial models gave good results. Two patients 
with chronic uremia, one as a result of a polycystic disease of the 
kidneys and the other from chronic glomerular nephritis, have been 
given continuous reciprocal transfusions from normal donors. In 
the first patient an exchange of 2,520 cc of blood (including saline 
and heparin) was made over a period of 2 hours and 50 minutes. 
On tile second patient 7,020 cc of blood, not including saline and 
heparin, were cross transfused in 47 minutes ; during the greater por- 
tion of the time 82 cc of blood were delivered in each direction per 
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Summary A selected anterior lobe powder from ox pituitary was 
used successfully as a standard of reference for one year in an assay 
procedure emp oying normal rats. By restricting the biological 
comparison to the steeper portion of the dose-response curves it was 
possible to obtain relatively low limits of error. 
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Application in Man of Method for Continuous Reciprocal 
Transfusion of Blood.* f 

Garfield G. Duncan. Leandro Tocantins and Tracv D. Cuttle. 

From the Medical Service of the Pennsylvania Hospital, and the Department of 
Medicine, Jefferson Medical College, Philadelphia. 


Purified heparin, hv prolonging the coagulation time of blood, lias 
reduced the technical difficulties and made feasible the continuous 
reciprocal transfusion of blood in man. Thalhimer, Solandt and 
Best, . using a uremic and a normal dog and employing purified 
heparin as an anticoagulant, conducted a reciprocal transfusion for 
27 hours, reducing the blood urea from high levels to normal without 
injur}’ to the normal dog. Prinzmetal 2 carried out exchange trans- 
fusions in the investigation of arterial hypertension in patients with 
inoperable cancer. We have been unable however, to find any 
instance in which the work of Thalhimer cl cl. was applied in man. 

Heparin (10,000 Toronto units in 1,000 cc normal saline) was 
given intravenously at approximately the rate of 40 drops per minute 
to the normal donor and to the patient for 20 minutes before and 
throughout the transfusion. An additional 2,000 units were given 
intravenously to each individual as the transfusion was started, and 
repeated 30 minutes later. This maintained the blood coagulation 
time between 20 and 30 minutes. The median basilic veins of the 

* The authors are indebted to Dr. William A. Wolff, Chemist to the Pennsyl- 
vania Hospital, for valuable suggestions on the chemical aspects of this problem. 

t Since this paper was submitted for publication a transfusion was carried out 
in which 20,770 cc were exchanged in approximately 5 hours. The total nitrogen 
excretion in the urine increased from 548 mg per hour before to 851 mg per hour 
during the tranfusion. 

1 Thalhimer, W., Soldant, D. G., and Best, C. H., Lancet, 1938, 2, 554. 

2 Prinzmetal, M., Friedman, B., and Rosenthal, N., Pnoc. Soc. Exp. Brot,. and 
Med., 1930, 34, 545. 
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The Role of Boron in the Diet of the Rat.* 

Elsa Orext-Keiles. 

From the Laboratory of Biochemistry, School of Hygiene and Public Health, The 
Johns Hophins University. 

Boron is of practically universal occurrence in the plant kingdom. 
Hence it is apt to be present in almost all classes of foodstuffs, and 
therefore occurrence of tins element might he equally widespread 
in the animal kingdom and perhaps might play an equally important 
role in the physiology of the animal organism. At present little is 
known regarding the action or even the distribution of boron in 
animals. There are but few reports on the distribution of this 
element in animal tissues . 1-4 These few briefly-reported experiments 
indicate the necessity for further knowledge of the role of boron in 
the animal organism. As far as was known at the time this investi- 
gation was started, no data were on record as to whether 
boron is a dietary essential for animals. It seemed advisable, there- 
fore, to determine whether boron is required for the growth and 
development of the rat or whether it is present in tire animal body 
as an accidental constituent ingested with all foods. 

Experimental. Experience with the study of other trace elements 
has shown that to do so effectively, a diet extremely deficient in the 
element must be used. The natural foods commonly used in purified 
rations were too abundant in boron. Cow’s milk, although lower in 
this element, is not as low as is desirable and furthermore, a dry 
ration is preferable for such studies. Hence an attempt was made 
to produce such a diet depleted of its boron content. Naftel’s 5 micro 
method, using a photoelectric colorimeter, was employed for the 
determination of boron in the various foods studied. The ashing 
procedure was somewhat modified by using the overhead heater 
which has proven advantageous in the matter of time saved and in 
the prevention of loss of boron due to excessive smoking and swelling 

* This vrork iras aided by a grant from the Rockefeller Foundation. 

1 Bertrand, G., and Agulkon, H., Compi. rend., 1912, 155, 24S; 1913, 156, 
732, 2027. 

2 Wright, X. C., and Papisch, J., Science, 1929, 69, 78. 

3 Blumberg, H., and Rask, O. S., ./. Xutr., 1933, 6, 285. 

4 Drea, W. F., J. Xutr., 1934, 8, 229; 10, 351; 16, 325. 

3 Xaftel, J. A., I n ft. and Eng. Chem. Anal. Ed., 1939, 11, 407. 
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minute. In neither study were there any untoward reactions, except 
a slight elevation of temperature in one of the normal donors, 
attributed to a large hematoma having occurred when the needle 
escaped from the receiving vein. 

Clinically both patients seemed improved. In Table I are listed 
the average hourly excretion of nitrogen in the urine of the two 
patients and the normal persons, as an example of the metabolic 
changes induced by the reciprocal transfusions. Further observa- 
tions by this method, now under way, may help to elucidate obscure 
points in various metabolic disorders and perhaps make it possible 
to afford some relief during acute, though transient, incapacitations 
of the urinary apparatus. 

TABLE I. 

Total Nitrogen Excretion (mg per lir) in the Urine of the 2 Uremic Patients and 
■ the 2 Normal Donors Before, During and A/tcr the Reciprocal Transfusion. 

Nitrogen Excretion (mg per hr) 

( ' " " * ' — ' "\ 

Uremic Pnticnt (MJ3.) Normal Donor (A.P.J 


t > r- — 


Total 

Period N 

Urea 

N 

Uric 

Acid Creatinine 

Total 

N 

Urea 

N 

Uric 

Acid 

Creatinine 

12 hrs prior 
to transfusion 230 

190 

5.G 

13.5 

30G 

232 

3.9 

21.4 

4% lir including 
transfusion 
period 322 

229 

5.G 

1G.8 

471 

428 

15.0 

32.5 

Subsequent C hr 301 

24G 

4.G 

1S.S 

342 

316 

8.0 

30.0 

6-18 hr nftcT 

transfusion 253 

227 



15.1 

399 

356 



31.4 

Uremic Pnticnt (S.C.) 


Normal Donor (E.C.) 

13 lir 55 min prior 
to transfusion 319 

2G2 

2.6 

13.5 

398 

340 

1.0 

16.5 

3ji hr including 
transfusion 
period 478 

339 

4.3 

16.3 

486 

412 

6.3 


0 hr following 

tliis period 191 

118 

1.3 

10.0 

302 

173 

C.3 

30.0 

Subsequent 

G-19M; hr 
period 202 

228 

1.9 


378 

239 

4.6 

20.0 
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Elsa Orent-Keiles. 

From the Laboratory of Biochemistry, School of Hygiene and Public Health, The 
Johns Hopkins University. 


Boron is of practically universal occurrence in the plant kingdom. 
Hence it is apt to be present in almost all classes of foodstuffs, and 
therefore occurrence of this element might be equally widespread 
in the animal kingdom and perhaps might play an equally important 
role in the physiology of the animal organism. At present little is 
known regarding the action or even the distribution of boron in 
animals. There are but few reports on the distribution of this 
element in animal tissues . 1 " 4 These few briefly-reported experiments 
indicate the necessity for further knowledge of the role of boron in 
the animal organism. As far as was known at the time this investi- 
gation was started, no data were on record as to whether 
boron is a dietary essential for animals. It seemed advisable, there- 
fore, to determine whether boron is required for the growth and 
development of the rat or whether it is present in the animal body 
as an accidental constituent ingested with all foods. 

Experimental. Experience with the study of other trace elements 
has shown that to do so effectively, a diet extremely deficient in the 
element must be used. The natural foods commonly used in purified 
rations were too abundant in boron. Cow’s milk, although lower in 
this element, is not as low as is desirable and furthermore, a dry 
ration is preferable for such studies. Hence an attempt was made 
to produce such a diet depleted of its boron content. Naftel’s 5 micro 
method, using a photoelectric colorimeter, was employed for the 
determination of boron in the various foods studied. The ashing 
procedure was somewhat modified by using the overhead heater 
which has proven advantageous in the matter of time saved and in 
the prevention of loss of boron due to excessive smoking and swelling 

* This work was aided by a grant from the Rockefeller Foundation. 

1 Bertrand, 6., and Agulhon, H., Compt. rend., 1912, 155, 24S; 1913, 156, 
732, 2027. 

2 Wright, N. C., and Papiscli, J., Science, 1929, 69, 78. 

3 BImnberg, H., and Rask, O. S., J. N-utr., 1933, 6, 285, 

■i Drea, W. P., ,7. Nutr., 1934, 8, 229 ; 10, 351 ; 16, 325. 

5 Naftcl, J. A,, Ind. and Eng. Chcm. Anal. Ed., 1939, 11, 407. 
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during the preliminary heating of the material. The overhead heater 
was also used instead of the water bath described in the original 
method, for it was found that the temperature could be much more 
easily controlled by this means. First, a survey was made of purified 
natural foodstuffs used in the diet of the rat. The foods containing 
the smallest amounts of boron were selected and the removal of their 
boron was attempted. Strong acid and methyl alcohol were used 
for this purpose in an attempt to remove the boron in the form of 
the methyl borate. Investigation of the extraction of boron with 
methyl alcohol showed first that quantitative recovery of boron used 
by this means was seldom obtained. By increasing the number of 
extractions or decreasing the amount of food to be extracted the re- 
sults were not improved. Furthermore, this procedure was found 
unsatisfactory, first because complete elimination of the element 
appeared impossible, and second!}', in the cases where the boron was 
largely separated from the food, particularly in the case of protein, 
the food was so altered in its nutritive properties that it was not 
satisfactory for nutritional studies. It was evident at this stage, 
therefore, that the best solution to this problem was the preparation 
of an adequate diet composed of foodstuffs as low in boron as could 
possibly be found without attempting the removal of the element. 

At about this time the report of Hove and associates 0 on their 
studies of boron in animal nutrition appeared. Observations were 
then available in this laboratory, using a diet in connection with an 
experiment conducted for other purposes, but the boron content of 
which was practically the same as that of the Wisconsin experi- 
menters. The various components of this diet along with others 
used in our laboratory had been tested for boron. The composition 
of this ration was considerably different from that used by Hove 
and his co-workers. 0 Its total boron content was 163 Mg per kg as 
compared with 155 Mg of the diet described by the above mentioned 
investigators. 0 It was thought, therefore, that it might be of interest 
to record our findings as further evidence of the results already 
reported, 0 particularly since the animals fed the boron-low diet in this 
laboratory have been observed for a longer period of time and in 
somewhat greater detail. 

The lactalbumin was prepared by the Harris Laboratories from 
fresh centrifuged milk. It is a product of high chemical purity, its ash 
content being but 0.72%. It was found to be extremely low in boron. 
Wheat gluten and gelatin contained about the same concentration 

0 Hove, E„ Elvdijom, C. A., and Hart, E. B., Am. J. Physiol., 1939, 1 27, 689. 
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10.0 

4.0 

4.0 
5.7 

8.0 

to 100 


Composition of Diet 
Lactalbumin 
Wheat gluten 
Gelatin 

Salt mixture No. 22 
Purified sweet butter fat 
Dextrose 
Viosterol 15 drops per kilo 
Thiamin hydrochloride — 20 gg 
per rat per day 

Liver concentrate = 3.5 g fresh liver 
per rat per day 

Vitamin E concentrate 3 mg per 
rat per day 


Composition of Salt Mixture No. 22 


CaC0 3 1.08 

CaHP0 4 .2H,0 .72 

NCI .85 

MgSO, -50 

NaHoP0 4 . H 2 0 1.14 

NaCf 1-24 

Nal .00015 

Na,Si0 3 . 9HoO .035 

FeS0 4 (NH 4 ) 2 S0 4 . 6H 2 0 .07 

CuS0 4 ■ 5 H 2 0 -025 

MnS0 4 . 4H«0 .005 

ZnClo -01 


5.7 g 

in 100 g diet 


of boron as this highly purified lactalbumin; therefore these 3 were 
selected as the sources of protein for this diet. Dextrose was the 
carbohydrate found to be lowest in boron. Sweet butter fat remelted 
and filtered served as the source of fat and vitamin A. Viosterol, 
a liver concentratef especially prepared by the Lederle Laboratories 
and vitamin E concentrate prepared by the Mackenzie method 7 did 
not, in the amounts analyzed, show the presence of boron. The salt 
mixture contributed the greatest amount of boron of any of the 
ingredients of this diet. 

Litter mates weighing 35-40 g were used in this experiment. 
These animals were housed in galvanized wire cages in the regular 
animal room of this laboratory. Monel metal or porcelain feeding 
cups and soft glassj drinking tubes were used. 

Growth and reproduction on this diet were studied. 

Extensive histological studies were also made on the tissues of 
these animals. 

Results. The growth in body weight was observed and the food 
consumption and water intake were recorded; the average daily 
intake for the experimental period of 34 weeks being 9.6 g of diet 
per male and 7.8 g per female. The average daily boron intake 
was 1.56 pg per male and 1.27 pg per female. The general appearance 
of these animals was good and the rate of growth was normal. The 
growth of rats on this ration is shown in Table I. It is of interest 
to note that during the first 6 weeks these animals averaged a daily 
food intake of 5.2 g containing 0.85 jug boron. This compares well 
with the observations of the Wisconsin experimenters. 

f I msh to thank the Lederle Laboratories, Inc., for supplying this material. 

r Mackenzie, C. G., Mackenzie, J. B., and McCollum, E. V., V. S. Public Zenith 
Sep., 1939, 53, 1779. 

t Common soft glass is reported to be free from boron.8 

s Berger, K. C., and Truog, E., Ind. and Eng. Cliem., Anal. Ed., 1939, 11, 540. 
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TABLE I. 

Growth of Bats on Boron-low Diet. 



Ho. of 

Arg wt in 

Avg daily food 

Ko, weeks 


rata 

g per day 

consumption in g 

avg 

Males 

12 

3.4 

9.C 

34 

Females 

11 

2.° 

7.8 

34 


The females on this synthetic diet were allowed to carry through 
3 litters each, averaging 7 young per litter which were born living, 
and normal in appearance and weight and which they successfully 
raised. Further matings were not carried out. 

Detailed pathological studies of the tissues of the rats at the end 
of 34 weeks’ experimental period showed that they were normal 
in every respect. 

Since the diet has been used primarily in another investigation, 
the effect of supplementing it with boron in various concentrations 
has not been observed and, hence, no comparison can be made 
between the animals fed the diet described and rats receiving boron 
in greater concentrations. 

The data presented here confirm the findings of Hove, Elvehjem 
And Hart 0 that if boron is actually essential for growth and develop- 
ment of the rat, it must be in extremely small amounts since an 
Average of 1.27-1.56 pg per rat daily for a period of 34 weeks appar- 
ently satisfied its requirement for normal function. It is possible 
that a deficiency of this element would become apparent in the second 
or later generations when the boron store might become markedly 
depleted. 

Summary. A synthetic diet is described which has a boron content 
of 163 fig per kg. This diet supports good growth and development 
in the rat. Food consumption compares well with that of animals 
on good purified diets used in this laboratory. The reproductive 
processes are normal. The young born to mothers on this boron-low 
diet appear normal and are successfully raised. Pathological studies 
showed the tissues of these rats to be normal. No evidence is 
obtained under the experimental conditions that boron is essential 
in the nutrition of the rat. 
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Urinary Excretion of Ascorbic Acid by the Rat as Influenced by 
Ingestion of Certain Carbohydrates* 

Claire A. Frederick, N. B. Guerrant, R. Adams Dutcher and 

C. A. Knight. 

From the Department of Agricultural and Biological Chemistry, The Pennsylvania 
State College, State College, Pa. 

It is now recognized that the rat is not only able to subsist indef- 
initely on a diet that is markedly scorbutogenic to the guinea pig, but 
while doing so, stores in its tissues and excretes in its urine measur- 
able amounts of ascorbic acid. Workers in this field are not in 
complete agreement regarding the relationship of the composition 
of the ingested diet to the amounts of ascorbic acid stored and 
excreted by the rat. Some investigators 1,2 have contended that the 
composition of the diet is an influencing factor, while other inves- 
tigators 3 " 6 have failed to demonstrate that ascorbic acid output is 
affected by changes in dietary ingredients. Other investigators 1 " 10 
have contended that the ordinary constituents of the diet, such as 
sugar, fats and proteins, have no effect on the urinary excretion of 
ascorbic acid by the rat, but that high rates of excretion can be 
induced by feeding oats, oat oil, the unsaponifiable portion of oat oil, 
halibut liver oil and certain cyclic compounds of the terpene and 
sesqui-terpene series. Early reports by this group of investigators 
postulated the existence of a precursor from which the ascorbic acid 
was formed by the rat. In the later reports, however, these authors 

* Authorized for publication on March Id, 1940, as paper No. 962 in the Journal 
Series of the Pennsylvania Agricultural Experiment Station. 

1 Hopkins, F. OK, Slater, B. R., and Milliken, G. A., lAochem. J., 1935, 29, 2803. 
SMenaker, M. H., January, 1938, Master’s Thesis, Pennsylvania State College, 
3 Svirbely, J. L., Am. J. Physiol., 1936, 116, 446. 

* Zilva, S. S., Biochcm. J., 1936, 80 , 857. 

« Scheunert, A., and Schieblich, M., Z. Physiol. Chem., 1937, 247, 273. 

6 Mentzer, C., and Hrbain, 0., Compt. Bend. Soc. Biol, 1938, 128 , 270. 

7 Musulin, B. B., Tally, B. H., 3rd, Longenecker, H. E., and King, C. G., Science, 
1938, 88, 552. 

« Longenecker, H. B., Musulin, B. R., and King, C. G., Proc. Am. Soc. Biol 
Chem., J. Biol Chem., 1939, 128 , p, bs. 

8 Musulin, B. R., Tully, B. B., 3rd, Longenecker, H. E., and King, C. G., J. Biol. 
Chem., 1939, 129 , 437. 

50 Longenecker, H. E., Musulin, B. B„ Tolly, B, H., 3rd, and King, C. G., J. Biol 
Chem., 1939, 129 , 445. 
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table r. 

Growth of lints on Boron-low Diet. 



No. of 

Avg wt in 

Avg dnily food 

No. weeks 


rats 

g per day 

consumption in g 

avg 

Males 

12 

3.4 

9.6 

34 

Females 

11 

2.2 

7.8 

34 


The females on this synthetic diet were allowed to carry through 
3 litters each, averaging 7 young per litter which were born living, 
and normal in appearance and weight and which they successfully 
raised. Further matings were not carried out. 

Detailed pathological studies of the tissues of the rats at the end 
of 34 weeks’ experimental period showed that they were normal 
in every respect. 

Since the diet has been used primarily in another investigation, 
the effect of supplementing it with boron in various concentrations 
has not been observed and, hence, no comparison can be made 
between the animals fed the diet described and rats receiving boron 
in greater concentrations. 

The data presented here confirm the findings of Hove, Elvebjem 
nnd Hart 0 that if boron is actually essential for growth and develop- 
ment of the rat, it must be in extremely small amounts since an 
Average of 1.27-1.56 /*g per rat daily for a period of 34 weeks appar- 
ently satisfied its requirement for normal function. It is possible 
that a deficiency of this element would become apparent in the second 
or later generations when the boron store might become markedly 
depicted. 

Summary. A synthetic diet is described which has a boron content 
of 163 ug per kg. This diet supports good growth and development 
in the rat. Food consumption compares well with that of animals 
on good purified diets used in this laboratory. The reproductive 
processes are normal. The young born to mothers on this boron-low 
diet appear normal and are successfully raised. Pathological studies 
showed the tissues of these rats to be normal. No evidence is 
obtained under the experimental conditions that boron is essential 
in the nutrition of the rat. 
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In the instance of the first series of animals, aii animals were fed 
the diet containing the dextrinized com starch during the first period. 
This was followed by the sucrose-containing diet, the glucose- 
containing diet and the starch-containing diet, respectively. At the 
termination of the studies with these diets, the animals were again 
fed the dextrinized com starch diet for a period of several weeks. 



Pig. 1. 

Amounts of ascorbic acid eliminated in tbe urine of rats while receiving diets 
similar in composition, the only difference being in the type of carbohydrate which 
they contained. 
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abandon this view and postulate that the ascorbic acid is formed 
through intermediary metabolism, a view previously expressed by 
other investigators, 0 

Because of the conflicting reports concerning the possible origin 
of ascorbic acid in the bod}’ of the rat, as well as those concerning 
factors influencing its elimination, it seemed desirable that our 
previous studies be repeated, especially those relating to the carbo- 
hydrate portion of the diet. The present report contains some of 
the data obtained in the course of the latter investigation. 

Experimental. In our studies we have used half-grown rats as 
the experimental subjects. In order to collect the urine quantita- 
tively, the animals were maintained in individual, cylindrical, gal- 
vanized wire cages, each of which was suspended above a 10-inch 
glass funnel. Beneath the funnel was placed a small glass vessel 
containing, as a preservative, 4 ml of metaphosphoric acid solution 
(10%) to which bad been added a trace of S-hydroxy-quinolin and a 
one-fourth-inch layer of paraffin oil. The cages were provided with 
galvanized wire bottoms with mesh of sufficient size to allow all fecal 
particles to pass through. Under each cage was placed a finer gal- 
vanized wire screen to prevent the fecal matter from entering the 
funnel. In order to further minimize contaminants, which might 
enter the funnel, the cages were provided with special food cups and 
drinking fountains. Each cage and its supplementary equipment 
were cleaned thoroughly at weekly intervals and, when necessary, 
the funnels were changed daily. 

The collections of urinary samples were begun as soon as the 
animals were transferred to the metabolism cages and fed the experi- 
mental diet. The 24-hour collections of urine were removed at a 
definite time each day, their volumes recorded and aliquots titrated 
with Na 2,6-dichlorobenzenone indophenol solution (175 mg of the 
dye in 500 ml of hot water). 

The diets used in these studies were composed of fat-free casein 
IS, salt mixture 3, Cell U flour 2, fat-free yeast 8 and fat-free carbo- 
hydrate 77 parts. In the majority of experiments, the fat-soluble 
vitamins were furnished as beta carotene and calciferol. In a few 
instances these vitamins were supplied by adding 2 parts of cod liver 
oil to the basal diet. The carbohydrates used were: dextrinized corn 
starch, raw corn starch, sucrose, glucose, and in a limited number of 
feeding periods of short duration, mannose, sorbose, fructose and 
lactose. The amount of food consumed daily by each animal was 
recorded and the amount fed was only slightly in excess of that 
•consumed during the previous 24 hours. 



Carbohydrates ok Urinary Excretion Ascorbic Ach> 205 


In the instance of the first series of animals, all animals were fed 
the diet containing the dextrinized com starch during the first period. 
This was followed by the sucrose-containing diet, the glucose- 
containing diet and the starch-containing diet, respectively. At the 
termination of the studies with these diets, the animals were again 
fed the dextrinized com starch diet for a period of several weeks. 



Fig. 1. 

Amounts of ascorbic acid eliminated in the urine of rats vrhile receiving diets 
similar in composition, the only difference being in the type of carbobvdrate tvhich 
they contained. 
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With subsequent series of animals, diets of similar composition were 
used, the experimental difference being in the sequence in which 
they were fed to the test animals. 

Since space does not permit the presentation of all the data at 
this time, only the condensed data relating to the urinary ascorbic 
acid output of 4 typical animals from the first series are given 

The duration of the various feeding periods were 8, 5, 4, 4 and 4 
weeks, respectively. The urinary ascorbic acid elimination has been 
expressed as the average daily output for the entire period during 
which each of the respective diets was fed. In order to indicate the 
probable carry-over effect of one diet on the succeeding diet, the 
average daily urinary ascorbic acid output for the last week of each 
feeding period is given on the right of the graph (Fig. 1). 

Discussion. With all of the animals used, the urinary ascorbic 
acid output was greatest while the animals were consuming the diet 
containing the dextrinized corn starch. This was found to be true 
irrespective of the sequence in which the diets were fed. On the 
other hand, in most instances, these same animals eliminated the 
smallest quantity of ascorbic acid while consuming the glucose- 
containing diet. However, the frequency of the latter observation 
seemed to depend somewhat on the sequence in which the glucose 
diet was fed. 

The greater ascorbic acid elimination resulting from the con- 
sumption of the diet containing the dextrinized com starch as 
compared to the other diets, does not appear to be readily explain- 
able from the data at hand. While the average daily consumption 
of the dextrinized corn starch was slightly greater than the consump- 
tion of the other diets and while there seemed to be a slight correla- 
tion between daily food intake and the amount of urinary ascorbic 
acid, this observation is sufficient only to explain a small portion 
of the increase in ascorbic acid elimination. The inadequacy of such 
an explanation can be readily observed from the fact that animal 
No. 24022 consumed as much of the respective diets as did animal 
No. 24011 and, while doing so, eliminated only about one-third as 
much urinary ascorbic acid as did the latter animal. However, it 
may be stated that the relative amounts of ascorbic acid eliminated 
by the various animals while receiving the sequence of diets were of 
the same order of magnitude for the respective diets. 

The question as to why greater amounts of ascorbic acid were 
excreted, while the rats were consuming the dextrinized corn starch 
diet, than when the raw corn starch diet was consumed, cannot be 
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answered at this time. The possibility of the existence of different 
amounts of an ascorbic acid precursor in the two diets does not seem 
tenable, at least in this instance. To verify this point, some of the 
rats, after having been returned to the dextrinized com starch diet 
for several weeks, were given weighed amounts (25, 50 or 100 mg) 
of can-one (Eastman No. 1094) to determine the effect of this 
substance on ascorbic acid output. Since it was found impossible 
to determine, quantitatively, the amount of this volatile substance 
actually consumed by the rats when it was mixed with the diet, the 
can-one was diluted with olive oil and given by stomach tube. How- 
ever, with this procedure, the tests proved unsatisfactory in that the 
animals began to lose weight after the administration of the first 
or the second dose of carvone and the majority of the test animals 
died within 6 or 7 days. In no case was there more than a twofold 
increase in the amount of ascorbic acid eliminated in any one day 
and such increases did not remain consistent from day to day. 

Conclusions. It is apparent that the amount of ascorbic acid 
eliminated in the urine of the rat depends upon at least 2 major 
factors, namely, the type of carbohydrate ingested by the rat, and 
the physiological variations within the rat itself. Since it was fre- 
quently found that ascorbic acid elimination varied as much with 
different animals as it did with different diets, it is evident that 
the latter factor must be given due consideration. The data sub- 
mitted, however, do not explain the origin of the ascorbic acid nor 
do they explain the differences in tire amounts of ascorbic acid 
excreted in the urine of different animals while receiving comparable 
amounts of the same diet. A number of theoretical possibilities 
suggest themselves but these offer no immediate solution to the 
problem. It would serve no useful purpose to say that the ascorbic 
acid is probably of endogenous origin or that it has its origin in 
intermediate metabolites. Such suggestions fall far short of explain- 
ing the origin of the ascorbic acid in the body of the animal and 
would be equally ineffective in explaining why different animals 
excreted different amounts of this substance while consuming com- 
parable portions of the same diet. 
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Loss of Carbohydrate Metabolism Factor During Boiling 
of Vegetables.* 

Laurence G. Wesson. (Introduced by Veader Leonard.) 

From the Vender Leonard Laboratory of Experimental Therapeutics, 
Baltimore, 2ld. 

Abnormal!}' high respirator}' quotients during carbohydrate 
assimilation are given by rats that have been maintained for a 
number of months on a fat-deficient diet. 1 " These high quotients, 
a large proportion of them above 1 , have been attributed to a lack, 
in the fat-deficient diet, of an accessory factor that is necessary for 
normal carbohydrate metabolism. 1 *" 

In the present paper it will be shown that rats maintained for 3 
months or longer on a diet of boiled vegetables give carbohydrate 
RQ's that are abnormally high as compared with animals on a stock 
diet. This is interpreted as indicating that the boiled vegetable diet 
is likewise deficient in this carbohydrate metabolism factor. As it 
has previously been shown 1 *! that raw vegetables and fruits appar- 
ently possess a high content of this factor, it now becomes evident 
that a loss of this factor takes place during the boiling of vegetables. 
That this is the case is confirmed by feeding rats that show the 
abnormal carbohydrate metabolism the same vegetable diet, but 
autoclaved instead of boiled. The effect of the autoclaved diet on 
these rats will be shown to be similar to that obtained by feeding the 
ether-soluble substances extracted from raw vegetables and animal 
fats in previous investigations. 1 * 2 *!, namely, the restoration of 
the carbohydrate assimilatory RQ’s to nearly normal. 

Diets. Boiled vegetable diet. A minced mixture of 2 parts by 
weight of potatoes, 1 part of carrots, and 1 part of string beans, to 
which was added 0.25% NaCl and a surplus of tap water, was 

* Presented in abstract form before the American Society of Biological Chem- 
ists, at Baltimore, April 2, 1938 (J. Biol. Chcm., 193S, 123, exxv). 

1 Wesson, L. G., J. Biol. Chcm., 1927, 73, 507. 

2 Wesson, L. G., and Burr, G. 0., .7, Biol. Chcm., 1931, 91, 525; Wesson, L. G., 
J. Biol. Chcm., 1933, 100, 305; Wesson, L. G., and Murrell, F. C., J. Biol Chcm., 
1933, 102, 303; Proc. Soc. Exp. Biol, and Med., 1934, 31, 1118. 

f Previously unpublished data supporting this statement: Using a group of 4 
rats in each case, the average maximum carbohydrate assimilatory RQ before 
dosing with approximately 0.3 g of the ether-soluble substances of raw potato was 
1.08, after dosing it was 0.97 ; of raw carrot, 1.05 before dosing, and 0.89 after 
dosing; of raw apple, 1.05 before, and 1.01 after dosing. 
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actively boiled, with frequent stirring, for 8 hr in an open sauce- 
pan. At the end of that time, the mixture was of a pasty con- 
sistency, and of somewhat less than the original volume. Before 
the mixture cooled, 10 ml of an aqueous 5% solution of Na benzoate 
per 500 ml (0.1%) was stirred into it. It was then refrigerated 
until fed to the rats. In addition to the boiled vegetable mixture 
ad libitum, approximately 0.5 g of ether-extracted brewers’ yeast per 
rat was fed daily during most of the work. 

Autoclaved vegetable diet. The same vegetable mixture that was 
used in the preparation of the boiled vegetable diet, without the 
addition of water, was heated in sealed jars for 4 hr at 15 lb steam 
pressure. 

Procedures. The respiratory exchange was determined by the 
use of a closed-circuit calorimeter of the type previously employed 
for this purpose. 3 The dextrin test meal following 18 to 20 hr of 
fasting was the same as that described in previous papers on this 
subject. 2,3 

Results. Six male and 5 female rats, 6 months old, were used. 
Approximately o months’ feeding of the boiled vegetable diet was 
required before the first indication of abnormality in the carbo- 
hydrate metabolism was observed. This abnormality is shown in 
Table I by a significant difference between the carbohydrate assim- 
ilatory RQ’s of these 1 1 rats and the corresponding RQ’s of rats on 
a stock diet. The high RQ’s are distinctly abnormal and are similar 
to those of rats on a fat-deficient, purified diet. 2 

In Table II are given the average carbohydrate RQ’s of 6 of the 
abnormal rats before and after 7 days’ feeding of the autoclaved 
diet. These values show that a marked lowering of the RQ’s is 

TABLE I. 

RQ’s Following Dextrin Test Meals with Eats on a Stock Ration and on a Boiled 

Vegetable Diet. 


Stock rations Boiled vegetable diet 

10 runs on 10 rats 82 runs on 11 rats 


Time after 
test meal 
hr 

i r ' 

Mean BQ 

RQ’s > 1.00 

No. Max. 

r 

Mean RQ 

RQ's > 1.00 
No. Max. 


.90 ± .06* 

0 

1.00 

1.00 ± .005 

31 



.91 ft .02 

0 

1.00 

1.01 ± .001 

50 



.89 ±. .02 

0 

0.99 

1.03 ± .005 

59 



.88 ± .02 

0 

1.00 

1.01 ± .007 

58 



.85 ± .02 

0 

1.00 

0.94 ± .009 

17 



"Standard deviation of the mean. 


3 Wesson, L. G., J. Nntr., 1931, 3, 503. 
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Loss of Carbohydrate Metabolism Factor During Boiling 
of Vegetables.* 

Laurence G. Wesson. (Introduced by Vender Leonard.) 

From the Voider Leonard Laboratory of Experimental Therapeutics, 
Baltimore, lid. 

Abnormally high respiratory quotients during carbohydrate 
assimilation are given by rats that have been maintained for a 
number of months on a fat-deficient diet.*-" These high quotients, 
a large proportion of them above 1. have been attributed to a lack, 
in the fat-deficient diet, of an accessory factor that is necessary for 
normal carbohydrate metabolism.** 2 

In the present paper it will be shown that rats maintained for 3 
months or longer on a diet of boiled vegetables give carbohydrate 
RO’s that are abnormally high as compared with animals on a stock 
diet. This is interpreted as indicating that the boiled vegetable diet 
is likewise deficient in this carbohydrate metabolism factor. As it 
has previously been shown**f that raw vegetables and fruits appar- 
ently possess a high content of this factor, it now becomes evident 
that a loss of this factor takes place during the boiling of vegetables. 
That this is the case is confirmed by feeding rats that show the 
abnormal carbohydrate metabolism the same vegetable diet, but 
autoclaved instead of boiled. The effect of the autoclaved diet on 
these rats will be shown to be similar to that obtained by feeding the 
ether-soluble substances extracted from raw vegetables and animal 
fats in previous investigations.** 2, t, namely, the restoration of 
the carbohydrate assimilatory RO's to nearly normal. 

Diets. Boiled vegetable diet. A minced mixture of 2 parts by 
weight of potatoes, 1 part of carrots, and 1 part of string beans, to 
which was added 0.25% NaCl and a surplus of tap water, was 

* Presented in abstract form before tbe American Society of Biological Chem- 
ists, at Baltimore, April 2, 1938 (J. Biol. Chcm., 1938, 123, csxx) . 

1 Wesson, h. G., J. Biol. Chcm., 1927, 73, 507. 

2 Wesson, L. G., and Burr, G. O., J. Biol. Chcm., 1931, 01, 525; Wesson, L. G., 
J. Biot. Chcm., 1933, 100, 3G5; Wesson, L. G., and Murrell, F. C., J. Biol. Chem., 
1933, 102, 303; Proc. Soc. Ext. Biol, asp Hep., 1934, 31, 111S. 

t Previously unpublished data supporting this statement: Using a group of 4 
rats in each case, the average maximum carbohydrate assimilatory RQ before 
dosing with approximately 0.3 g of the ether-soluble substances of raw potato was 
1.08, after dosing it was 0.97 ; of raw carrot, 1.05 before dosing, and 0.89 after 
dosing; of raw apple, 1.05 before, and 1.01 after dosing. 
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Antistreptolysin Values in the General Population of Puerto Rico. 


P. Morales-Otero and A. Pomales-Lebron. 

From the Department of Bacteriology of the School of Tropical Medicine, San 

Juan, Puerto Pico. 


While studying the antistreptolysin content of the blood in cases 
of recurrent tropical tymphangitis 1 we were strongly impressed by the 
difference in values shown by these and by apparently normal cases. 
The question came up as to what should be considered as normal 
value for the general population under our local conditions. 

Coburn and Pauli 2 determined the natural level of antistreptolysin 
in human blood, selecting for study a group of student nurses enter- 
ing training at the Presbyterian Hospital, New York, on September 
1932. These subjects were kept under clinical observation. Throat 
cultures were taken during periods of respiratory infection and 
antistreptolysin determinations were made at different intervals. 
The findings were classified in several groups: (a) those who con- 
tracted pharyngitis due to hemolytic streptococcus infection, (b) 
those who contracted other infections, the agent being unknown, 
(c) those who appeared to escape infection with hemolytic strep- 
tococci. 

At the beginning of their study the median value for 30 individuals 
was 63 units. Only 5 subjects had a titer higher than 100 units. 
Ten subjects infected with hemolytic streptococci showed a subse- 
quent rise in titer. None of those who escaped infection developed 
a significant rise in titer. The median titer of the group that 
escaped infection was 50 units 18 months later. These observations 
were interpreted by the authors to mean that the natural human 
antistreptolysin value is ordinarily about 50 units. 

In order to determine the antistreptolysin values in our general 
population we proceeded to study a number of individuals, making 
the following classification : ( 1 ) apparently normal throats with no 
history of streptococcus infection and from which hemolytic strep- 
tococci could not be cultured at the time the determination was made, 
(2) apparently normal throats from which hemolytic streptococci 
were cultivated, and (3) apparently normal throats with a definite 

1 Morates-Otero, P., and Pomales-Lebron, A., P. P. J. Pub. Health and Prop. 
Med., 1930, 12, 43. 

2 Coburn, A. F., and Pauli, E. H., J. Exp. Med., 1935, C2, 129. 


210 


Loss of Carbohydrate Metabolism Factor 


table rr. 

Lowering of Abnormal Dextrin HQ’s of C Rats on a Boiled Vegetable Diet, Pol- 
lowed by 7 Days’ Feeding of tlic Autoclaved Diet. 


Boiled vegetable diet Autoclaved vegetable diet 

C runs on G rats G runs on G rats 


tost mcnl 
hr 

f 

Mean TtQ 

ItQ’s > 1.00 

No. Max. 

/ 

Mean BQ 

RQ’s>1.00 
No. Max. 


1.02 ± .02 

3 

1.0S 

.93 ± .02 

1 

1.01 


1.02 ±.01 

5 

1.07 

.94 ± .02 

0 

0.98 


1.07 ± .01 

G 

1.11 

.95 ± .01 

0 

0.98 


1.01 ±.02 

5 

1.04 

.97 ± .02 

1 

1.01 


0.00 ± .02 

0 

0.09 

.04 ± .01 

0 

0.98 


produced by the autoclaved diet, similar to the effect of animal fats 
and of the ether-soluble substances of raw vegetables and fruit. 1 ’"’ t 
Conclusions. A loss of the carbohydrate metabolism factor takes 
.place during the boiling of vegetables in an open vessel. This makes 
plausible the possibility that some deficiency of this factor occurs in 
many human dietaries. Since its lack causes abnormal fat forma- 
tion and a disturbance of the carbohydrate metabolism of rats, it 
seems reasonable to consider a possible dietary deficiency of this 
factor in the study of prediabetic obesity. 

Summary. Abnormally high respiratory quotients during carbo- 
hvdratc assimilation are given by rats that have been maintained on 
a diet of boiled vegetables. This indicates a loss of an appreciable 
part of the carbohydrate metabolism factor which the vegetables 
contain in the unboiled condition. 

The question is raised as to a possible causative connection of a 
dietary deficiency of this factor with prediabetic obesity. 
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population o£ Puerto Rico. The mean value of 136 apparently 
normal persons from which hemolytic streptococci could not be cul- 
tured at the time the determination was made was 84.1 units. In 43 
apparently normal subjects harboring hemolytic streptococci at the 
time the "determination was made, the mean antistreptolysin value 
was 144.9 units. In 96 normal persons, not harboring demonstrable 
hemolytic streptococci at the time the determination was made, but 
having a definite past history of streptococcus infection, the mean 
value was 154.5 units. The mean value for the 3 groups was 127.S 
units. 


11404 P 

Effects of Renin and of Angiotonin Upon Isolated Perfused 

Heart. 

W. H. Philip Hill* axd E. Cowles Axdrus. (Introduced by 
YC T. Longcope). 

From the Deportment of itedicine, Johns HopVins University and Hospital. 

The authors have examined the influence of renin, and of angio- 
tonin, upon the isolated hearts of cats perfused with Ringer-Locke 
solution by the Langendorff method. Renin was prepared by alcohol 
precipitation oi fresh pig's kidney cortex and fractional precipitation 
with ammonium sulphate, followed by prolonged dialysis. Angio- 
tonin was prepared by the method of Pagef and Helmer. 1 The pH 
of this solution was adjusted to 7.0 with dilute sodium hydroxide. 
It was injected, in doses shown to produce minimal to large pressor 
effects in intact animals, into the stream of the perfusate just above 
the heart. 

Remit. The observations of Tigerstedt and Bergman 2 and of 
Hessel 3 that renin is without influence upon the isolated heart were 
entirely confirmed by 33 injections in 16 experiments. 

Angiotonin. Coronary Flore. Twenty-four injections in 12 

‘Working under the Jacques Loeb and Archibold Fellowships. 

i The authors are indebted to Dr. Page for his kindness in furnishing a quan- 
tity of angiotonin for comparison with that prepared bw us. 

1 Page, L H.. and Helmer, O. JL. J. Exp. ilcd^ 1940. 71, 29. 

2 Tigerstedt, B., and Bergman, P. G-. siand. Arch. Physiol , 1S9S. 8, 223. 

3 Hessel, G., Klin. TTchntchr,., 193 s, 17, S43. 
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history of previous streptococcus infection from which hemolytic 
streptococci could not be cultured. 

Material and Methods. The material and methods used in this 
work were the same as those previously employed by us. 1 The 
streptolysin was standardized, using standard Todd’s globulin kindly 
supplied to us by Dr. Coburn. Single determinations were made in 
each case. Throat cultures and blood specimens were taken at the 
same time. 

Results. One hundred and thirty-six determinations were made 
on Group 1. The lowest value was IS units and the highest 150, 
with an average of S4.1 units. 

Forty-three determinations were made on Group 2* The lowest 
determination in this group was 48 units and the highest 350, with 
an average of 144.9 units. 

Ninety-six determinations were made on Group 3. The lowest 
determination in this group was 37 units and the highest 333, with 
an average of J54.5 units. 

Summary. Two hundred and seventy-five antistreptolysin deter- 
minations were made in apparently normal persons from the general 


TABLE T. 

Antistreptolysin Values in the General Population of Puerto Rico. 


Antistreptolysin 

titer 

No. of 
individuals 

Group 1 

Group 2 

Group 

0-20 

1 

1 

0 

0 

21-40 

0 

8 

0 

1 

41-00 

40 

31 

4 

5 

01-80 

34 

28 

o 

4 

81-100 

43 

32 

4 

7 

101-120 

30 

9 

8 

13 

121-140 

38 

IS 

0 

14 

141-100 

32 

9 

7 

16 

101-180 

12 

0 

o 

10 

181-200 

12 

0 

o 

10 

201-250 

13 

0 

4 

9 

251-300 

C 

0 

o 

4 

301-400 

4 

0 

o 

2 

401-500 

1 

0 

0 

1 


Henri antistreptolysin titer by groups 84.2 units 144.9 Units 154.5 units 
Mean titer for the 3 groups: 127.8 units. 

Group 1 — Consists of persons of apparently normal throats with no history of 
streptococcus infection nnd from which hemolytic streptococci could not be cultured. 

Group 2 — Consists of persons of apparently normal throats from which 
hemolytic streptococci were cultivated. 

Group 3 — Consists of persons of apparently normal throats with a definite his- 
tory of previous streptococcus infection from which hemolytic streptococci could 
not bo cultured. 

* Strains belong to Groups A, C and G. 
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population, of Puerto Rico. The mean value of 136 apparently 
normal persons from which hemolytic streptococci could not be cul- 
tured at the time the determination was made was 84.1 units. In 43 
apparently normal subjects harboring hemolytic streptococci at the 
time the determination was made, the mean antistreptolysin value 
was 144.9 units. In 96 normal persons, not harboring demonstrable 
hemolytic streptococci at the time the determination was made, but 
having a definite past history of streptococcus infection, the mean 
value was 154.3 units. The mean value for the 3 groups was 127.8- 
units. 


11404 P 

Effects of Renin and of Angiotonin Upon Isolated Perfused 

Heart. 

W. H. Philip Hill* and E. Cowles Andrus. (Introduced by 
W. T. Longcope). 

From the Department of Medicine, Johns Hopkins University and Hospital. 

The authors have examined the influence of renin, and of angio- 
tonin, upon the isolated hearts of cats perfused with Ringer-Locke 
solution by the Langendorff method. Renin was prepared by alcohol 
precipitation of fresh pig’s kidney cortex and fractional precipitation 
with ammonium sulphate, followed by prolonged dialysis. Angio- 
tonin was prepared by the method of Paget and Helmer. 1 The pH 
of this solution was adjusted to 7.0 with dilute sodium hj-droxide. 
It was injected, in doses shown to produce minimal to large pressor 
effects in intact animals, into the stream of the perfusate just above 
the heart. 

Renin. The observations of Tigerstedt and Bergman 2 and of 
Hessel 3 that renin is without influence upon the isolated heart, were 
entirely confirmed by 33 injections in 16 experiments. 

Angiotonin. Coronary Flow. Twenty-four injections in 12 

* Working under the Jacques Loeb and Archibold Fellowships. 

i The authors are indebted to Dr. Page for his kindness in furnishing a quan- 
tity of angiotonin for comparison with that prepared by ns. 

1 Page, I. H., and Helmer, O. M., J. Exp. Med., 1940, 71, 29. 

2 Tigerstedt, R., and Bergman, P. G., Skand. Arch. Physiol, 1S9S, 8, 223. 

3 Hessel, G., Klin. TTchnschn., 1938, 17, 843. 
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experiments reduced the coronary output by from 27% to 86% 
(average 45%) in the presence of normal sinus rhythm. Four 
injections in one preparation were without result. The effect was 
maximal within 30 to 75 seconds after the beginning of the injection 
and lasted for one to 6 minutes. It showed no tendency to diminish 
with successive injections, though not more than 4 were adminis- 
tered to any one preparation. Four injections in 3 preparations, in 
which ventricular fibrillation was maintained by faradic stimulation 
of the ventricle, brought about a decrease in coronary flow by from 
16% to 48% (average 28%). A late rise in coronary flow (aver- 
aging 16% for all injections) was frequently recorded. This late 
increase in flow was measurably reduced with successive injections. 

Amplitude of beat. The amplitude of ventricular contraction was 
increased following ever)* injection by from 18% to 300% (average 
92%). This commenced later than the slowing of coronary flow, 
reached its maximum in 1 to 3 minutes, and persisted for 3 to 15 
minutes. The effect of angiotonin upon amplitude of beat showed 
no consistent tendency to diminish with successive injections. 

Heart Rate. Significant effects upon the heart rate were not 
recorded. In some experiments the rate of beat diminished slightly 
during the period of reduced coronary flow. 

Summary. Upon the isolated hearts of cats perfused with Ringer- 
Lockc solution renin produced no significant effect. Angiotonin on 
the other hand brought about decrease in coronary flow and increase 
in amplitude of beat, but no consistent effect upon heart rate. 


11405 P 

Pituitary Function in Parabiotic Triplet Rats. 


R. O. Greep. 

From the Division of Pharmacology , Squibb Institute for Medical Bescarch, Few 

Brunswick , A". J . 


Rat ovaries that have been made to function under the stimulus 
of the male pituitary as in the experiments of Goodman 1 (ovarian 
grafts), Witschi and Levine 2 (parabiosis) and Pfeiffer 2 (mascu- 

1 Goodman, L., Anat. Bee., 1934, DO, 223. 

2 Witschi, E., and Levine, W. T., Proc. Soo. Exp. Biol, and Med., 1934, S3, 101. 

3 Pfeiffer, 0. A., Am. J. Anat., 1930, 58, 195. 
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linked female pituitaries) have uniformly failed to become lutein- 
ized. The luteinking hormone, however, has been shown to be 
present in small amounts in the pituitaries of normal male rats and 
abundant in those of castrated animals (Hellbaum and Greep 4 ). 
Cutuly. ct aL; have shown that the pituitary of a castrated male 
stimulates the interstitial cells as well as the seminiferous tubules of 
a parabiotic hypophysectomked male partner. Furthermore, there is 
considerable experimental evidence for assuming that the luteinizing 
hormone is identical with the substance responsible for the internal 
secretory function of the male gonad. The available evidence then 
is contradictory in that the male pituitary appears to secrete lutein- 
king hormone if the end organ is a male gonad, and only follicle- 
stimulating hormone if the end organ is a female gonad. 

The present experiments were devised to bring the entire repro- 

FiGURE I 


Hypophysectcmized Castrated Hypophysecfomized 
Male Male Female 

ABC 
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ductile systems of each sex under the simultaneous influence of a 
single male pituitary. 

Male rats, aged 21 days, were gonadectomized and joined 
in parabiosis with 2 littcrmates — a male on one side and a 
female on the other. (See also Fig. 1 drawn like that of DuShane 
and others. ) Four to 6 days later the 2 outside triplets were hypo* 
physectomized. Autopsies were performed 7 to 16 days after 
hypophyseefomy. The gonads, sexual accessories, thyroids and 
adrenal glands were weighed and examined grossly. Vaginal smears 
were followed in some instances. The observations reported are 
based on 8 sets of triplet parabionts in which all except the central 
animal had been completely hypophysectomized. 

On the 7th day following the joining of these animals the va- 
ginas of the hypophysectomized females opened and rapid testicu- 
lar growth in the hypophysectomized male became apparent. The 
autopsy findings, illustrated by the data from a typical experi- 
ment (Table I), show that the principal physiological action of the 
castrated male pituitary on the ovary of a hypophysectomized female 
triplet parabiont is to promote the growth of follicles and cause the 
continuous secretion of estrogen as attested by persistent vaginal 
cornification and a distended uterus. The ovaries have not yet been 
examined microscopically for the presence of interstitial-cell or 
luteal stimulation but there was no evidence of luteinization by gross 
inspection. The hypophysectomized male parabiont, which had 
derived its gonadotropic stimulus from the same pituitary gland 
that produced only follicle growth in the female, showed a marked 
stimulation of the testes, and the secondary sexual structures, such 
as the prostate and seminal vesicles, were greatly enlarged. 

The secondary sexual structures of the centra! castrate remained 
entirely atrophic in all cases. 

The peculiar ability of the castrated male rat pituitary to evoke 


TABLE I. 

Organ Weights of 3 Animals Which Had Been Joined Together for 19 days. 
Bats “A” and “0" Had Been Hypophysectomized for 13 Bays and the Central 
Animal “B” Had Been Castrated Since the Start of the Experiment. 


Bat 


Body ivt 
at 

death, T jstes, 



Seminal Ventral 
resides, prostate, 
mg mg 


Empty 
Ovaries, uterus, 
mg mg 


Adrenals, 

mg 


Thyroid, 

mg 


106 

7 


44.4 


2S6 


6.6 

20.5 

9.6 


4.45 

7.60 

6.34 


T v Pfeiffer, C. Witschi, E., Peoc. So c. 

Med., 1935, 33, 339. 
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a follicular response in a female and at the same time stimulate the 
testes of a male to secretory function is difficult to interpret consider- 
ing the results which have been obtained with purified follicle-stimu- 
lating extracts of the pituitary. r - f - Several explanations suggest 
themselves but all are purely conjectural: (a) the threshold for 
luteinization of the ovary may be far above that necessary to produce 
stimulation of testicular interstitial cells: (b) possibly the inter- 
stitial cell stimulating and luteinizing hormones are not identical; 
(c) it may be extremely difficult to cause luteinization of follicles 
which grow rapidly and become cystic. 
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Efficacy of Pellets of Posterior Hypophysis and of Pitressin in 
Oil in Diabetes Insipidus. 

James A. Greexe axd L. E. January. 

From the Department of Internal Medicine. State University of Iowa, College of 

Medicine, Iowa City. 

The efficacy of the subcutaneous administration of dried pos- 
terior pituitary gland in diabetes insipidus has not been reported 
previously. Pellets of this material have been prepared and im- 
planted subcutaneously into 4 cats with experimentally produced 
diabetes insipidus* and into 2 patients with diabetes insipidus. The 
results are shown in Table I. It is to be noted that mixing the 
material with tyrosine or impregnating the pellet with beeswax did 
not prolong the effect in the cats. An inflammatory reaction which 
occurred at the site of implantation of sterile pellets in the patients 
later required drainage. An attempt was made to prolong the action 
in man by impregnation of the pellets with lanolin or beeswax. The 
reaction which developed at the site of implantation was so .severe 
that the pellets had to be removed before complete absorption oc- 
curred. 

• Greep, R. 0., and Fevold, H. L., Endocrinology, 1037. 21, Oil. 

s Greep, R. 0„ Proc. Soc. Exp. Biol, axd Med., 1930, 42. 454. 

a Chow, B. F., Greep, R. O., and van Dyke, H. B., J. Endocrinology, 1940, 1, 439. 

* Available through the courtesy of W. R. Ingram. Department of Anatomy, 
State University of Iowa, College of Medicine. 
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table i. 

Duration of Effect of Dried Posterior Pituitary Gland Implanted Subcutaneously 
in Cats and in Man with Diabetes Insipidus. 

Control period Posterior pituitary pellets 


' r — — \ 




No. 

Days 

Avg 

fluid 

intake, 

cc 

Avg 

urinary 

output, 

cc 

Avg 

urinary 

specific 

gravity 

Wt of 
pellets, 
mg 

Avg 

fluid 

Days intake, 
active cc 

Avg Avg 

urinary urinary 
output, specific 
cc gravity 

C/i t 

1 

u 


CGI 

1.010 

102.0 

11 

151 


t ♦ 

It 

(l 


ISO 

1.000 

08.0 

0 

231 

1.019 

r > 

3 

7 


488 

LOOS 


4 

310 

1.015 

1 1 

4 

7 


170 

1.012 

100.0) 

7 

175 


Patient 

1 

:i 

1.1,170 

11,815 

1.000 

100.0 

3 2,050 

2,025 

1.015 

t t 

it 

4 

11,100 

11,925 

1.000 


3 1,400 

1,283 



“Pellet consisted of equal parts of tyrosine and dried posterior pituitary gland, 
t Pellet impregnated with beeswax. 


The above results demonstrate that pellets of dried posterior 
pituitary gland implanted subcutaneously control the manifestations 
of diabetes insipidus, but that this method is not applicable for 
treatment in man. For this reason pifressin tannatef in oii was em- 
ployed. This material was administered to 3 cats with experimentally 
produced diabetes insipidus and to 3 patients with the syndrome. In 
the cats 1.0 cc ameliorated the manifestations for 3 to 7 days and 
in man for 30 to 82 hours. There were no unpleasant or deleterious 
general or local reactions. The symptoms of the disease have been 
controlled in the 3 patients by the subcutaneous injection of 1.0 cc 
every 36 to 57 hours. 


1 Supplied through the courtesy of Parke, Davis and Company. 
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Role of the Sympathetic Nervous System in Experimental 
Neurogenic Hypertension. 

Keith S. Grimsox. (Introduced by Dallas B. Phemister.) 

From the Department of Surgery, University of Chicago. 

Recent clinical studies 1 have renewed interest in central or psycho- 
somatic factors in essential hypertension. The sustained neurogenic 
hypertension in clogs described by Hermans and Bouckaert" seems 
from this point of view to afford a better experimental approach to 
the problem of hypertension and sympathectomy than the renal 
hypertension described by Goldblatt, 3 and shown to be uninfluenced 
by total sympathectomy. 4 ' 1 The recent demonstration. Grimson, 
Bouckaert and Heymans, 8 that a sustained neurogenic hypertension 
of renal origin may be produced by a central reflex mechanism tends 
to correlate these two methods for producing experimental hyper- 
tension. The present study is based upon an effort to determine 
the blood pressure levels produced by section of the depressor nerves 
in normal dogs and compare them with the pressure levels produced 
by the same procedure in dogs sympathectomized with the exception 
of the nerve supply to the kidneys and adrenals, as well as to study 
the effects of renal denervation, splanchnic resection, and total para- 
vertebral sympathectomy on the former group. 

Heymans and Bouckaert 0 have shown that section of the depressor 
nerves produces a persistent hypertension and that total sympa- 
thectomy eliminates the hypertension. Goldblatt, Kahn, Bayless 
and Simon 10 have recently failed to obtain this type of hypertension 

i Katz, L. X., and Leiter, Louis, Psychosomatic Med., 1931, 1, 101. 

- Hermans, C., and Bouckaert, J. J., C. if. Soc. Biot., 1931, 106, 471; Bull. Acad. 
Boy. Med. de Belg., 1939, p. 441. 

3 Goldblatt, H., Lynch, J., Hanzal, R. F., and Summerville, W. W.. 3. Exp. Med., 
1934, 59, 347. 

4 Alpert, L. F., Airing, A. S., and Grimson, K. S., Proc. Soc. Exp. Biol, and 
Med., 1937, 87, 1. 

3 Freeman, X. F., and Page, I. H., Am. Heart J., 1937, 14, 405. 

9 Heymans, C., Bouckaert, J. J., Bayless, F., and Samaan, A., C. if. Soc. Biol., 
1937, 126, 434. 

7 Verney, E. B., and Vogt, M., Quart. J. Exp. Physiol., 1938, 28, 253. 

8 Grimson. K. S., Bouckaert, J. J., and Heymans, C., Peoc. Soc. Exp. Biol, axd 
Med., 1939, 42, 225. 

9 Heymans, C., and Bouckaert, J. J., C. if. Soc. Biol., 1935, 120, S2. 

10 Goldblatt, H., Kalin, ,T. R., Bayless, F., and Simon, >1. A.. J. Exp. Med., 1940, 
71, 175. 
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TABLE I. 

Duration of Effect of Dried Posterior Pituitary Gland Implanted Subcutaneously 
in Cats and in Man with Diabetes Insipidus. 

Control period Posterior pituitary pellets 
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1.012 

lon.of 
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175 
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1 

:t 

13,170 

13,813 
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300.0 


2,025 

1.015 


A 

4 

11.300 

11.023 

1.000 

300.0 


1,283 



‘Pellet consisted of equal parts of tyrosine and dried posterior pituitary gland. 
(Pellet impregnated with beeswax. 


The above results demonstrate that pellets of dried posterior 
pituitary gland implanted subcutaneously control the manifestations 
of diabetes insipidus, but that this method is not applicable for 
treatment in man. For this reason pitressin tannatef in oil was em- 
ployed. This material was administered to 3 cats with experimentally 
produced diabetes insipidus and to 3 patients with the syndrome. In 
the cats 1.0 cc ameliorated the manifestations for 3 to 7 days and 
in man for 30 to S2 hours. There were no unpleasant or deleterious 
general or local reactions. The symptoms of the disease have been 
controlled in the 3 patients hv the subcutaneous injection of 1.0 cc 
every 36 to 57 hours. 


j Supplied through the courtesy of Parke, Davis and Company. 
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Role of the Sympathetic Nervous System in Experimental 
Neurogenic Hypertension. 

Keith S. Grimson. (Introduced by Dallas B. Phemister.) 

From the Department of Surgery, University of Chicago. 

Recent clinical studies 1 have renewed interest in central or psycho- 
somatic factors in essential hypertension. The sustained neurogenic 
hypertension in dogs described by Heymans and Bouckaert 1 seems 
from this point of view to afford a better experimental approach to 
the problem of hypertension and sympathectomy than the renal 
hypertension described by Goldblatt , 3 and shown to be uninfluenced 
by total sympathectomy . 4 ' 7 The recent demonstration. Grimson, 
Bouckaert and Heymans , 8 that a sustained neurogenic hypertension 
of renal origin may be produced by a central reflex mechanism tends 
to correlate these two methods for producing experimental hyper- 
tension. The present study is based upon an effort to determine 
the blood pressure levels produced by section of the depressor nerves 
in normal dogs and compare them with the pressure levels produced 
by the same procedure in dogs sympathectomized with the exception 
of the nerve supply to the kidneys and adrenals, as well as to study 
the effects of renal denervation, splanchnic resection, and total para- 
vertebral sympathectomy on the former group. 

Heymans and Bouckaert 9 have shown that section of the depressor 
nerves produces a persistent hypertension and that total sympa- 
thectomy eliminates the hypertension. Goldblatt, Kahn, Bayless 
and Simon 10 have recently failed to obtain this type of hypertension 

1 Katz, L. X., and Leiter, Louis, Psychosomatic Med., 1931, 1, 101. 

2 Heymans, C., and Bouckaert, J. J., C. B. Soc. Biol., 1931, 106, 471 ; Bull. Acad. 
Boy. Med. de Belg., 1939, p. 441. 

3 Goldblatt, H., Lyncli, J., Hanzal, R. P., and Summerville, W. W.. ,7. Exp. Med., 
1934, 59, 347. 

* Alpert, L. F., Alving, A. S., and Grimson, K. S., Proc. Soc. Exp. Biol, axd 
Med., 1937, 37, 1. 

3 Freeman, X. F., and Page, X. H., Am. Heart J., 1937, 14, 405. 

0 Heymans, C., Bouckaert, J. J., Bayless, F., and Samaan, A., C, B. Soc. Biol., 
1937, 126, 434. 

T Verney, E. B., and Vogt, M., Quart. J. Exp. Physiol., 1938, 28, 253. 

8 Grimson. K. S., Bouckaert, J. J., and Heymans, C., Proc. Soc. Exp. Biol, and 
Med., 1939, 42, 225. 

9 Heymans, C., and Bouckaert, .T. J., C. B. Soc. Biol., 1935, 120, 82. 

to Goldblatt, H., Kalin, J. R., Bayless, F., and Simon, M. A., J. Exp. Med,, 1940, 
71, 175. 
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and Nowak and Walker" have stated that some hypertension fol- 
lows depressor nerve section in sympathectoniized dogs. These 
contraindications have further stimulated this study. 

fn 9 dogs both carotid sinuses were excised, the left vago- 
sympathetic-depressor nerve was cut, and a segment of the right 
sympathetic depressor trunk was removed. The control blood pres- 
sures were respectively 131. 133, 134, 134, 138, 138, 144, 148 and 
374. These dogs were observed from 16 to 163 days after modulator 
nerve section and their pressure readings averaged respectively 23S, 
246. 239, 212, 194. 256, 257, 214 and 226. The late readings in 3 
animals were appreciably higher than the early readings. Three 
animals had occasional readings of 280 to 300. None of the dogs 
failed to develop a hypertension and in none of them was there any 
late lowering of ^le hypertension. 

In 6 normal dogs both paravertebral sympathetic chains were re- 
moved. Their control blood pressures averaged 142 and their pres- 
sures 14 to 29 days after sympathectomy averaged 112. Because 
of the observation ( Crimson, Wilson and Phemistcr 1 ') that sympa- 
thcetomized dogs recover in a few months a new central vasomotor 
mechanism and restore their preoperative blood pressure the modu- 
lator nerves in these dogs were sectioned in the manner described 
above 14 to 29 days a fter the sympathectomy. T wo dogs died shortly 
after operation without pressure elevation. The other 4 during the 
next 30 days had an average pressure of 98. No elevation was ob- 
served. Two were observed 90 and 10S days and developed pressures 
higher than before the sympathectomy. 364-206. Two other dogs 
sympathectoniized 26 and 28 months previously and with restora- 
tion of their blood pressure to averages of 148 and 152 developed 
average pressures after modulator nerve section of 169 and 176 mm 
respectively with occasional readings of 200. This observation of 
levels higher than before sympathectomy suggests that the recovered 
central vasoconstrictor mechanism 1 ' is influenced by the modulator 
nerves. 

Seven dogs* have now been sympathectoniized with the exception 
of the splanchnic supply to the adrenals and kidneys according to 
the described technic." Their blood pressures just preceding modu- 
lator nerve section averaged 1 36 and during several weeks afterward 
195. This elevation is definitely less than the average of the nine 
normal dogs with modulator nerve section described above which 

~ iTx^ak, K. ,T. G„ and Walker. I. ,1., Xtir England J. Mrd., 1939, 220, 26!). 

W’ Crimson, K. S., Wilson. IE, mill Phemister, V. B., Ann. Snrg., 1937, 100, 801. 

♦ Three observed in Prof, V. Herman ’s laboratory in Ghent. 
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was 231. Renal denervation in four of these 7 dogs has restored 
their pressure to about the normal level. 

Further experiments have shown that renal denervation alone 
neither prevents nor appreciably alters the hypertension produced in 
normal dogs by modulator nerve section. They have also confirmed 
the observations of Nowak and Walker 11 that abdominal sympa- 
thectomy and division of the splanchnic nerves as well as complete 
sympathectomy except for one thoracic chain fails to restore the 
blood pressure of neurogenic hypertensive dogs to normal. Total 
sympathectomy as described above lowered the pressure of 3 neuro- 
genic hypertension dogs from 239, 226 and 246 to 101, 122 and 91 
respectively during 30, 18, and 40 days of observation. After 30 and 
40 days in 2 of these animals blood pressure recovery was evident 
and progressed toward a moderate hypertension level. This parallels 
but exceeds the recovery following paravertebral sympathectomy in 
normal dogs previously reported. 12 


11408 P 

Renal Phosphatase in Experimental Nephropathies.* 
Opal E. Hepler, J. P. Simonds and Helen Gurley. 

From the Department of Pathology , Xorthwestern University Medical School. 


The specific function of the rich phosphatase content of the kidney 
is still unknown. Since the kidney is almost invariably involved in 
metastatic calcification and is often the site of pathologic calcification 
it seemed possible that by comparing the location of the deposits of 
lime salts in these conditions with that of the phosphatase something 
might be learned concerning the relation of this enzyme to renal 
function. 

For this purpose we studied phosphatase, acting optimally at a pH 
of about 9.0 on sodium glycerophosphate, in the kidneys of normal 
dogs and of dogs in which a toxic nephrosis has been produced by 
uranium nitrate, potassium bichromate and bichloride of mercury. 
We compared sections stained for phosphatase by GomoriV method 
with the quantity of the enzyme obtained in aqueous extracts of the 
cortical tissue of the same kidneys as determined by Bodansky’s 

* Aided by a grant from tlie Committee on Therapeutic Research of the Council 
on Pharmacy and Chemistry of the American Medical Association, 
i Gomori, G., Pkoc. Soc. Exp. Biol, and Med., 1939, 42, 23. 
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and Nowak and Walker 11 Iiavc staled that some hypertension fol- 
lows depressor nerve section in sympathectomized dogs. Tlicse 
contraindications have further stimulated this study. 

fn 9 dogs both airotid sinuses were excised, the left vago- 
sympathetic-depressor nerve was cut, and a segment of the right 
sympathetic depressor trunk was removed. The control blood pres- 
sures were respectively 131, 133, 134. 134, 138, 138, 144, 148 and 
174. These dogs were observed from 16 to 163 days after modulator 
nerve section and their pressure readings averaged respectively 238, 
246, 2o9. 212, 194, 256. 257, 214 and 226. The late readings in 3 
animals were appreciably higher than the early readings. Three 
animals had occasional readings of 2S0 to 300. None of the dogs 
failed to develop a hypertension and in none of them was there any 
late lowering of yie hypertension. 

In 6 normal dogs both paravertebral sympathetic chains were re- 
moved. Their control blood pressures averaged 142 and their pres- 
sures 14 to 29 days after sympathectomy averaged 112. Because 
of the observation (Grimson, Wilson and Pirn-mister 1 -) that sympa- 
thectomized dogs recover in a few months a new central vasomotor 
mechanism and restore their preoperative blood pressure the modu- 
lator nerves in these dogs were sectioned in the manner described 
above 14 to 29 days after the sympathectomy. Two dogs died shortly 
after operation without pressure elevation. The other 4 during the 
next 30 days had an average pressure of 9 S. No elevation was ob- 
served. Two were observed 90 and I OS days and developed pressures 
higher than before the sympathectomy. 164-206. Two other dogs 
sympathectomized 26 and 2S months previously and with restora- 
tion of their blood pressure to averages of 14S and 152 developed 
average pressures after modulator nerve section of 169 and 176 mm 
respectively with occasional readings of 200. This observation of 
levels higher than before sympathectomy suggests that the recovered 
central vasoconstrictor mechanism 1 ' is influenced by the modulator 
nerves. 

Seven dogs* have now been sympathectomized with the exception 
of the splanchnic supply to the adrenals and kidneys according to 
the described technic/ Their blood pressures just preceding modu- 
lator nerve section averaged 136 and during several weeks afterward 
195. This elevation is definitely less than the average of the nine 
normal dogs with modulator nerve section described above which 

11 Nowak, S. ,T. G., and Walker, I. J., AY ir England J. Med., 1939, 220, 2G9. 

W Grimson, K. R„ Wilson. II.. and I’licmister, D. B„ Ann. Surg., 1937, 100, SOI. 

* Three observed in Prof. C. Herman's laboratory in Ghent. 
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was 231. Renal denervation in four of these 7 dogs has restored 
their pressure to about the normal level. 

Further experiments have shown that renal denervation alone 
neither prevents nor appreciably alters the hypertension produced in 
normal dogs by modulator nerve section. They have also confirmed 
the observations of Nowak and Walker 11 that abdominal sympa- 
thectomy and division of the splanchnic nerves as well as complete 
sympathectomy except for one thoracic chain fails to restore the 
blood pressure of neurogenic hypertensive dogs to normal. Total 
sympathectomy as described above lowered the pressure of 3 neuro- 
genic hypertension dogs from 239, 226 and 246 to 101, 122 and 91 
respectively during 30, 18, and 40 days of observation. After 30 and 
40 days in 2 of these animals blood pressure recovery was evident 
and progressed toward a moderate hypertension level. This parallels 
but exceeds the recovery following paravertebral sympathectomy in 
normal dogs previously reported. 12 
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Renal Phosphatase in Experimental Nephropathies.* 

Opal E. Hepler, J. P. Simonds and Helen Gurley. 

From the Department of Pathology, Northwestern University Medical School. 

The specific function of the rich phosphatase content of the kidney 
is still unknown. Since the kidney is almost invariably involved in 
metastatic calcification and is often the site of pathologic calcification 
it seemed possible that by comparing the location of the deposits of 
lime salts in these conditions with that of the phosphatase something 
might be learned concerning the relation of this enzyme to renal 
function. 

For this purpose we studied phosphatase, acting optimally at a pH 
of about 9.0 on sodium glycerophosphate, in the kidneys of normal 
dogs and of dogs in which a toxic nephrosis has been produced by 
uranium nitrate, potassium bichromate and bichloride of mercury. 
We compared sections stained for phosphatase by Gomori’s 1 method 
with the quantity of the enzyme obtained in aqueous extracts of the 
cortical tissue of the same kidneys as determined by Bodansky’s 

* Aided by a grant from the Committee on Therapeutic Eeseareli of the Council 
on Pharmacy and Chemistry of the American Medical Association. 

i Gomori, G., Proc. Soc. Exp. Biol, and Med., 1939, 42, 23. 
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chemical method. We soon found, however, that in kidneys in 
which pathologic calcification was present, there was no correlation 
between the quantity of phosphatase revealed by the chemical method 
and the microscopic picture in the Gomori-stained sections. 

We there lore stained 3 consecutive sections of kidneys of the dogs 
used in these experiments, one with routine hematoxylin and eosin, 
one with Goujon's 1 stain for phosphatase and one for calcium phos- 
phate only by von Ivossa’s method. The routine sections revealed 
the location of necrotic or otherwise damaged tubular epithelium. 
Sections stained by Gomori's method showed all of the calcium 
phosphate present in approximately quantitative relations. Normally, 
phosphatase is present in the marginal zone, next the lumen, of the 
epithelium lining the proximal convoluted tubules. It is most abun- 
dant in the first two-thirds or three-fourths of these tubules, that is, 
in the labyrinth : less abundant in the straight terminal portion, that 
is. in the medullary rays and in the outer stripe of the outer zone of 
the medulla. In Gomori-stained sections the calcium was more 
abundant and stained more deeply where it had been precipitated in 
normal or only slightly damaged cells by the action of the phos- 
phatase during the process of staining than in those regions where 
its presence was the result of pathologic changes. Sections stained 



1, li. 

blood. Died 78 hours later. 
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by von Kossa’s method revealed only that preformed calcium phos- 
phate which was the result of pathologic calcification. In our ex- 
periments, this was present chiefly in the medullary rays in amounts 
varying with the length of survival of the animal, while the labyrinth 
was either free or showed only minute amounts (Fig. 1 ). 

Calcification was found to occur early (28 hours after injection) 
and abundantly in the kidneys of dogs given a single intravenous 
injection of bichloride of mercury equal to 3 mg per 100 cc of blood. 
This dose of bichloride causes very severe injury to the epithelium of 
the straight distal portion of the proximal convoluted tubules, but no 
visible injury to the glomeruli. Doses of potassium bichromate and 
uranium nitrate that induced marked necrosis of the tubular epi- 
thelium have not been found to induce pathologic calcification in the 
kidneys of animals that have survived for 3 days. 

None of the poisons (uranium, bichromate, bichloride of mer- 
cury) in the doses used appear to inactivate the phosphatase although 
they may kill the cell that contains it. This conclusion is confirmed by 
the results of quantitative determinations of the phosphatase in these 
kidneys by Bodansky's method and by study of stained sections. 
Necrotic and desquamated tubular epithelium of kidneys of dogs 
poisoned by bichloride stains diffusely by Gomori's method instead 
of deeply along the lumenal margin. Granular material stained by 
Gomori’s but not by von Kossa's method in the capsular space of 
some glomeruli is continuous with similar material in the tubule 
which takes origin from such a glomerulus. It is believed to be 
cellular debris containing active phosphatase which has been regurgi- 
tated into the capsular space from the damaged tubule. Cellular 
debris accumulated in the straight terminal portion of the proximal 
convoluted tubules above the narrow part of Henle’s loop stained 
both by Gomori’s and von Kossa's method, and appears, therefore, 
to contain both active phosphatase and preformed calcium phosphate. 
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Metabolism of Free Citric Acid in the Rat.* 

C-'Ki- A. Kuetueh. Curtis E. Mever a.vd Arthur' II. Smith. 

J nim iltr Deportment of Physiological Chemistry, M'aync VnircrsUy College of 

3! ('(Urine, Detroit. 


Studies in which pure citric acid was given by mouth to human 
subjects have* shown that citric acid may be almost completely metab- 
olized.’ In the dog. large amounts of orally administered citric 
acid are likewise destroyed, less than 1% of the compound given 
appearing in the urine and no “extra" citric acid in the feces. 0 
Similar results have been obtained with rabbits 7 and swine. 0 '’’ The 
possibility that the citric acid administered was not absorbed was 
precluded by Langecker 7 who found a prompt and prolonged rise in 
the level of blood citrate and showed further that the enzymes and 
bacteria present in the intestinal tract of the rabbit do not destroy 
citric acid even when incubated for as long as 9 hours. The follow- 
ing experiments were conducted in order to determine whether or 
not the rat also possesses the ability to metabolize free citric acid. 

A series of rats maintained in metabolism cages was fed the fol- 
lowing diet ad libitum: lactalbumin (Borden No. 15-42) 15.0. dex- 
trin 50.5. hydrogenated fat (Crisco) 27.0. cod liver oil (Mead) 5.0, 
and salt mixture" 1 2.5%. This diet was supplemented daily with 
2 cc of a solution containing SO mg of liver extract (Lilly 343) and 
200 mg of Ryzamin-B (Burroughs Wellcome). 

The cages were placed over large glass funnels containing a 3/16 

* The (lata herein presented are taken from a dissertation submitted by Carl A. 
Kuether in partial fulfillment of t lie requirements for the degree of Master of 
Science in Wayne University, 1940. 

This investigation has been made with the assistance of a grant from the 
Committee on Therapeutic Research, Council on Pharmacy and Chemistry, Amer- 
ican Medical Association. 

1 Ostberg, O., Ska rid. Arch. f. Physiol., 1031, 02, SI. 

- Kuvpcr, A. C., and Mnttill, H. A., J. Biol. C/icm.. 1933, 103, 31. 

a Boothby, W. M., and Adams, M., Am. J. Physiol., 1934, 107. 471. 

4 Gonec, .T. E., and Templeton, H. L., Am. J. Vis. Child., 1930, 39, 2G;>. 

."Sohuek, C., J. Nutrition, 1934, 7, 091. 

« Sherman, C. C., Mendel, L. B., and Smith, A. H„ J. Biol. Chem., 1930, 113, 
247, 205. 

7 Langecker, II., Biochem. 1934. 273, 43. 

8 Fiirtli, O. von, Minnibeek, II.. and Edel, A., Ibid.. 1934, 2 60, 37 9. 

0 Woods, E., Am. J. Physiol., 1927, 70, 321. 

to Hubbel, It. B., Mendel, L. B., and Wnkemnn, A. ,T., J. Nutrition, 1937, 14, 273. 



Metabolism of Citric Aciu 


225 


inch mesh screen which separated the feces from the urine, which 
was collected in a flask containing about 20 cc of 5% sulfuric acid. 
The funnels were rinsed down daily with distilled water. Citric 
acid was determined by the method of Pucher. Sherman and 
Vickery.” the final measurement being made in a photelometer 
using a filter with maximum transmission at 4250 A. 

After an adjustment period of 4 days, urine samples were collected 
for four 2-dav intervals followed by 3 similar periods during which 
the rats received by stomach tube 400 mg per day of citric acid 
dissolved in distilled* water to make 2 cc. Three more control samples 
were then collected. The urine samples were diluted to 200 cc and 
2 cc aliquots taken for analysis. Later another group of animals 
was treated by the same procedure except that citric acid deter- 
minations were run on both the urine and the feces. 

In order to show that the citric acid administered was actually 
absorbed and not destroyed by the bacteria in the gut. the intestinal 
contents of two rats were removed. One lot was mixed with citric 
acid and divided into 4 samples. 2 of which were analyzed imme- 
diately for citric acid and the other 2 incubated at 37° for 44 hours 
in glass stoppered flasks to prevent evaporation. The pH of the 
other sample of intestinal contents was measured, citric acid added 
and the pH brought back to the same point by addition of NaOH. 
This second sample was then treated the same as the first, divided into 
4 parts. 2 analyzed immediately and 2 incubated at 37' for 44 hours. 
The citric acid found in the unbuffered control and incubated samples 
was 64.7 and 62.7 mg per g respectively and in the buffered samples 
62.4 and 62.5 mg per g. showing that the intestinal contents of the 
rat do not destroy citric acid either at the normal pH of 6.5 or at the 
pH of 3.3 obtaining after the addition of citric acid. 

Urinary pH was measured with a glass electrode on several ani- 
mals before and after citric acid feeding, the urines being collected 
under toluene in large test tubes. Only samples uncontaminated 
with food or feces were used. The values differed bv no more than 
0.1 pH. 

In Table I, the first line for each rat is the average intake and 
excretion of citric acid for three 2-day control periods immediately 
preceding the experimental periods. During these control periods 
each rat was excreting more citric acid in the urine than it was 
absorbing from the gut and consequently must have been synthe- 
sizing citric acid (Smith and Meyer 1 *). The following 3 lines for 

11 Packer, G. W., Sherman, C. C., and Vickery, H. B., J. Biol. Chcm., 193fi, 
113, 235. 

J- Smith, A. H., and Meyer, C. E., J. Biol. Chcm., 1939. 131, 45. 
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Disposition of Citric Acid by the Rat. 
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each rat give the figures for individual periods during which the 
rats were receiving extra citric acid. During these periods, with one 
exception (Rat 11, 3rd period, when he had diarrhea) the absorp- 
tion of the administered citric acid exceeded 99%. and the percentage 
of the absorbed citric acid which was excreted in the urine dropped 
to a very low value. In all 4 of the animals in which only urinary 
citric acid was followed, there was actually a decrease in the abso- 
lute amount of citric acid excreted following the feeding of free acid, 
and rats 10 and 12 in the table show the same result. In all of the 
animals, feeding of extra citric acid brought about a remarkable de- 
crease in the percentage of the absorbed citric acid appearing in the 
urine, showing that under the experimental conditions imposed, the 
rat possesses the ability to metabolize free citric acid almost com- 
pletely. , . , , , • 

Summary. Citric acid administered to the rat is absorbed since no 

extra citric acid appears in the feces and intestinal contents do not 
destroy it. The albino rat has the ability to completely metabolize 
maximum non- fatal quantities of free citric acid. 
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Occurrence of Special Cell Groups at Vascular Pole of 
Glomerulus in Mammalian Kidneys. 

William Kaufmann. (Introduced by Arthur W. Wright.) 

From the Department of .Pathology and Bacteriology, Albany Medical College, and 
the Laboratories of the Albany Hospital, Albany, A r . r. 

During the past year we have studied the juxtaglomerular cor- 
puscles of Goormaghtigh 1-4 in normal and diseased human kidneys 
removed surgically and at autopsy. This material amounts at the 
present time to about 200 unselected cases. While similar structures 
were noted previously by others in laboratory animals, 5 other mam- 
mals 5 and selected human cases, 7 * 1 this is the first attempt to demon- 
strate agglomerations of peculiar cells or cell groups around the 
afferent arteriole of the glomerulus in routine autopsy and surgical 
material, stained by special as well as routine methods. 

These corpuscles are composed of agglomerations of cells, which 
are situated chief!}' at the vascular pole of the glomerulus between the 
macula densa 6 of the distal convoluted tubule and the afferent ar- 
teriole. A thin layer of these cells may also surround the entire ves- 
sel Occasionally the cells extend along the first part of the arteriole 
as it enters the glomerular tuft. They usually occur outside the 
media, surrounding it like a sheath, but they may appear to compose 
the entire arteriolar wall. We have not observed the corpuscles in 
kidneys of stillborn infants or children up to 2 years of age. In 
certain diseased kidneys, as of arteriolar nephrosclerosis, benign or 
malignant, they may be hypertrophied and thus appear more con- 
spicuous. 

The cells which make up the corpuscles can be identified by their 
morphological characteristics as well as by their staining reactions. 
They are rather large, polygonal cells with indistinct cell outlines. 
They are frequently closely packed and delicate argyrophilic fibrils 
can often be detected between them. Masson’s trichrome stain brings 
out peculiar, fine, fuchsinophilic granules in the cytoplasm, which is 

l Goormaghtigh, X., At eh. Biol., 1932, 43, 575. 

- Goormaghtigh, N., J. Physiol. 1937, 90, 1263. 

3 Goormaghtigh, X., C. rend. soc. biol., 1936, 124, 293. 

4 Goormaghtigh, X., and Hamio'sky, H., Arch. Path., 1938, 26, 1144. 

o Ruyter, J. H. C., Z. f. Zellforschung, 1925, 2, 242. 

0 Zimmormann, K. W., Z. f. milr. aimt. Forsch., 1933, 32, 176. 

7 Oberling, Ch., Ctcs. rend. hebd. Ac. Sciences, Pans, 1927, 181, 1200. 
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otherwise clear, lmt vacuolated. The nucleus is large, rounded and 
vesicular. A clear halo is often seen surrounding it. 



i’lO. 1. 


S,Si(5 til. (■■)■ E.1..B—* »«» x. 





Fig i 

Photomicrograph of macula densa (x) and juxtaglomerular corpuscle (xx) in 
a human kidney. Note the halo around some of the nuclei in the corpuscle and 
the xaeuolization of the cytoplasm. Several intercellular fibrils are also xisible. 
(v) indicates smooth muscle cells of the arteriolar media Enlargement 600 X- 
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rangcntial sections of mouse, rat, rabbit and cat kidneys, start- 
ing from the cortical surface and proceeding toward the medulla 
show that the juxtaglomerular corpuscles are absent in the super- 
ficial layers of the cortex corticis, but increase markedly toward the 
middle part of the cortex and decrease again toward the cortico- 
medullary junction. I hey seem to be intrinsic characteristic struc- 
tures of the normal, functioning mammalian kidney. The distribu- 
tion of the macula densa in the kidney parallels that of the juxta- 
glomerular corpuscles. 

It is important that the tissues be fixed while yen' fresh, preferably 
in Bonin’s or Zenker’s solution. They may be embedded in paraffin 
in the usual way and sectioned serially, if possible at 4 to 6 microns. 
Preparations stained with hematoxvlin-eosin show the structures 
clearly, but do not give adequate cytologic details. Masson’s tri- 
chrome stain is more satisfactory and Mallory’s phosphotungstic 
acid-hematoxylin reveals good nuclear detail. Cytoplasmic vacu- 
olization is clearly visible with this stain and with Mallory’s anilin 
blue connective tissue stain. Intercellular fibrils are well brought out 
with Masson's stain or better with silver stains. 

No definite suggestion as to the nature, the biological or physio- 
logical function of these cells can yet be given. Their intimate rela- 
tionship with the macula densa is noteworthy and may suggest a 
physio-biologic interrelation between these two structures. 
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Influence of Neoprontosil on Migration of Blood Leucocytes 
in Tissue Cultures.* 


Austin F. Hexsciiel. (Introduced by Joseph T. King.) 

From the Deportment of Physiology, The University of Minnesota, Minneapolis. 


Sulfanilamide and Neoprontosil have been reported to stimulate 
phagocytosis of bacteria by leucocytes in vitro. Finkelstein and 
Birkeland 1 found that in the presence of sulfanilamide and Prontosil 
(Neoprontosil?) the number of guinea pig leucocytes taking up 
bacteria and the number of bacteria engulfed per leucocyte was 
markedly increased. Fresh plasma or serum appeared to be neces- 


* The Neoprontosil was furnished by the Department 
wintlirop Cliemie.nl Co., Inc. 

l Finkelstein, R., and Birkeland, J. Y., Science, 1938, »<, 


of Medical 
441. 


Research, 



Neoprontosil on Migration of Blood Leucocytes 231 

sary in order to obtain greater phagocytic activity in the presence of 
the drugs. 

Gay, ct al.,~ however, found no definite difference in the in vitro 
phagocytosis of streptococci by exudate cells from sulfanilamide- 
treated rabbits as compared with normal rabbits. Streptococci that 
were treated with sulfanilamide were more readily phagocytized than 
non-treated streptococci. 

TunniclifP observed that both sulfanilamide and Neoprontosil 
increased the phagocytosis of streptococci by blood leucocytes. She 
states that “By comparing the amount of phagocytosis in the leuko- 
cytes suspended in salt solution with that in leukocytes suspended in 
dilute prontosil-soluble the stimulating action of prontosil-soluble 
was observed to be on the leukocytes.” 

When Neoprontosil in 1 :1000 concentration was added to whole 
blood with bacteria, the number of cocci ingested per leucocyte was 
doubled. Serum from mice receiving molar equivalents of sulfanil- 
amide and Neoprontosil increased the phagocytic activity of normal 
leucocytes to the same degree. 

King 4 demonstrated that sulfanilamide 1 :1000 stimulated the rate 
of migration of rabbit leucocytes in sterile tissue cultures. After 
24 hours of incubation the average migration rims were 18% wider 
than in the controls. The absolute difference was 5.8 times the 
standard error of the difference. 

The influence of Neoprontosil (the disodium salt of 4’ sulfamido- 
phenvl-2-azo-7 acetylamino-1 hydroxynaphthalene-3, 6 disulfonic 
acid) on the migration rate of blood leucocytes in sterile tissue cul- 
tures was studied. 

The routine culture methods used were described by King. 5 ’ 0 To 
obtain the buffy coat, 15 cc of rabbit blood were drawn into a 50 cc 
centrifuge tube containing sufficient heparin to prevent clotting. The 
blood was centrifuged at high speed for 15 minutes and the plasma 
removed. The tube was recorked with a fresh sterile cork and re- 
centrifuged for one-half hour. If the tubes are handled carefully, 
the buffy coat can at the end of the second centrifugation be removed 
as a solid placque. After washing the buffy coat with Tyrode to 
remove the adhering red cells, it was fragmented and covered with 
Tyrode. Buffy coat fragments are extremely fragile. If allowed to 

3 Gay, F. P„ Clark, A. R., Street, J. A., and Miles, D. W., ,T. Exp. Med., 1939, 
09, 607. 

3 Tunnicliff, R., J. Inf. Disease, 1939, 04, 59. 

■> King, J. T-, Am. J. Physiol., 1938, 123, 119. 

3 King, J. T., Arch. f. Exp. Zellforsch., 1930, 9, 341. 

0 King, J. T., Arch. f. Exp. Zellforsch., 1931, 10, 467. 
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remain in a fluid medium for more than one hour or handled roughly, 
they disintegrate rapidly. 

1 he fragments. 2 to 3 mm in diameter, were carefully chosen in 
pairs according to size, shape and general texture. One fragment 
from each pair was used as (he control, the other fragment as the 
experimental tissue. In this way each control culture has a visually 
identical experimental culture. Facli series contained 30 cultures 
made from one animal. 

I he cultures were planted in moist chambers ( Maximow technic) 
and incubated as lying drops in a special down-draft incubator de- 
scribed by King/ 

The fragments were planted in one part autogenous heparinized 
plasma and 3 parts of an autogenous rabbit serum extract of 6-clay 
chick embryos. Sufficient Neoprontosil was added to the serum ex- 
tract to make a 1 : 1000 concentration in the final culture medium. 

Observations were made on the living cultures at the end of 24 
hours of incubation. The maximum migration rim was measured 
with a 10 mm objective and a OX ocular with an eyepiece micrometer 
( 1 14 units = 1 mm). 

T.tnu: i. 

No. of 

No. of cultures A'K Avr Absolute S.E. of Sc 

(.cries per series eontiol experimental difference difference increase 

~~ir, at) - 221 ) 242.8 22.S 7.4S 10.3 

The experimental data are shown in Table I. From the results it 
appears that Neoprontosil 1 : 1 000 increases the rate at which rabbit 
blood leucocytes migrate in tissue culture media. The absolute dif- 
ference in the width of the migration rims between the experimental 
and control cultures is 22.8 and the standard error of the difference 
is 7.48. 

Whether there is any significant correlation between the increased 
migration and the increased phagocytosis by leucocytes in vitro is not 
clear at present. 

The possibility that the Neoprontosil might be partially split into 
sulfanilamide in tissue culture media and exert its stimulating effect 
as such must he considered. No experimental evidence is available 

on this point. . 

Conclusion. In tissue culture media composed entirely of animal 
body fluids Neoprontosil 1 : 1000 stimulates the rate of rabbit blood 

leucocyte migration. _ 

' ficiup, J. T., arch. /. Exp. Ztltfnnxh., 1037, 20, 20 S. 
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Experimental Coronary Occlusion and Myocardial Fibrosis. 

Mark E. Maun. (Introduced by W. O. Nelson.) 

From the Department of Pathology of Wayne University College of MetVeine, 

Detroit, Mich. 

Colloidal solution of aluminum hydroxide was observed by Belaud, 
Moe, and Visscher* to produce rapid stoppage of the heart when the 
aluminum was perfused into the coronary arteries in a heart-lung 
preparation. They believed that coronary insufficiency resulted from 
multiple capillary emboli due to the injection of the aluminum 
hydroxide. A 2 % aluminum hydroxide solution was also injected 
into the right side of the heart in a similar preparation. In this 
instance the lungs apparently filtered out sufficient aluminum so 
that no deleterious effect was noted on the coronary circulation. 
Irwin 2 studied the effect of aluminum solutions injected intra- 
venously in experimental animals. He found that if sufficient quan- 
tities of the metal were injected the animal died due to pulmonary 
emboli. Nodular fibrotic areas were noted in the lungs of rabbits 
following experimental inhalation of aluminum dust; 3 the tissue 
response was that of a foreign body reaction. 

In the present study the sternums of 4 control rabbits were re- 
moved so that aluminum hydroxide could be injected directly into 
the cavity of the beating left ventricle. Large doses of the material 
were injected until the animals died. No gross changes were ap- 
parent in the heart or other organs. Microscopic study of various 
sections of the heart muscle with the hematoxylin and eosin stain 
reveals numerous small arterioles to be filled with bluish-purple 
masses which partially or completely occluded the smaller arterioles. 
In those vessels only partially occluded with the colloidal material 
the aluminum was found to adhere to the wall of the vessel. 

In order to prove that the suspected masses were aluminum the 
sections were stained for aluminum using a specific stain. The 
aluminum particles were noted to be cherry-red in color by this 
method. In some instances the very small aggregates of the ma- 
terial seen in small capillaries with the hematoxylin and eosin stain 
failed to take the red color with a specific stain (Aurine). This 

1 Belaud, X. J., Moe, G., and Visscher, M. D., Pboc. Soo. Exf. Bio . and Med., 
1938, 39, 145, 

- Personal communication. 

3 Denny, J. J., Robson, M. B., and Irwin. D. A., Cat) nil. Merl. Assn. 1937, 
37, 1. 
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remain in a fluid medium for more than one hour or handled roughly, 
they disintegrate rapidly. 

The fragments. 2 to 3 mm in diameter, were carefully chosen in 
pairs according to size, shape and general texture. One fragment 
from each pair teas used as the control, the other fragment as the 
experimental tissue. In this way each control culture has a visually 
identical experimental culture. Kncli series contained 30 cultures 
made from one animal. 

1 he cultures were planted in moist chambers (Maximow technic) 
and incubated as lying drops in a special down-draft incubator de- 
scribed by King. 7 

I he fragments were planted in one part autogenous heparinized 
plasma and 3 parts of an autogenous rabbit serum extract of 6-day 
chick embryos. Sufficient Xeoprontosil was added to the scrum ex- 
tract to make a 1 ; WOO concentration in the final culture medium. 

Observations were made on the living cultures at the end of 24 
hours of incubation. The maximum migration rim was measured 
with a 16 mm objective and a OX ocular with an eyepiece micrometer 
( 1 14 units = 1 mm ). 

T.vm.K t. 

No. of 

No. of cultures Avr Avr Alisoluto S.E. of % 

series per series control experiment.'!! difference difference increase 

If. SO 22(1 242.8 22. S 7.48 10.3 


The experimental data are shown in Table I. From the results it 
appears that Xeoprontosil I : 1 000 increases the rate at which rabbit 
blood leucocytes migrate in tissue culture media. The absolute dif- 
ference in the width of the migration rims between the experimental 
and control cultures is 22.8 and the standard error of the difference 
is 7.4S. 

Whether there is any significant correlation between the increased 
migration and the increased phagocytosis by leucocytes hi vitro is not 
clear at present. 

The possibility that the Xeoprontosil might be partially split into 
sulfanilamide in tissue culture media and exert its stimulating effect 
as such must be considered. Xo experimental evidence is available 
on this point. 

Conclusion. In tissue culture media composed entirely of animal 
body fluids Xeoprontosil 1:1000 stimulates the rate of rabbit blood 

leucocyte migration. 

reft. /• ZrllforM-li., 1937, 20, 20S. 
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Liberation of a Histamine-Like Substance on Stimulation of 
Sympathetic Nerves. 

E. H. Lambert and S. R. Rosenthal* 

From the Departments of Physiology ant! of Bacteriology and Public Health, 
College of Medicine, University of Illinois, Chicago. 


Several attempts have been made to find a nervous mechanism 
for the release of histamine from body tissues, 1 ’ " but thus tar the 
only evidence that such may exist has been indirect. 3 The present 
study deals with the release of histamine by the skin upon stimulation 
of sympathetic nerves. The epidermal layer of the skin contains 
relatively large quantities of histamine (24 y/g). 

Experiments were carried out on rabbits, unanesthetized or anes- 
thetized lightly with urethane or ether. The cervical sympathetic 
trunk and its superior ganglion were prepared for stimulation with 
bipolar electrodes (4 to 60 sec, primary 3 volts, secondary coil at 
10 cm). Blood samples obtained from the great auricular vein by 
venipuncture before and after nerve stimulation were compared for 
their ability to contract an isolated segment of guinea pig ileum ac- 
cording to the method of Schultz and Dale. Atropinized Ringer- 
Locke solution was used in the muscle bath in every case. Standard 
histamine solutions were used for comparison of contractions. 

In early experiments the blood samples were allowed to clot ; the 
serum obtained was diluted immediately with Ringer’s solution or 
buffer solution of pH 7.15 and tested on the guinea pig ileum. In 
these experiments (10 animals) serum obtained 15 to 60 seconds 
following nerve stimulation almost invariably produced a greater 
contraction of the guinea pig ileum than the control serum (15 to 
50%> greater). This difference was present after and often increased 
by heating the diluted sera in a water bath at 60° to 70° C for 30 
minutes, provided the pH of the sera was not above 7.15. The 
entire contractor effect of both control and stimulation sera could 
be abolished by previous addition of 0.5 y of thymoxyethykiiefhyl- 
amine to the muscle bath. 

Rabbit blood has already a high content of histamine which is 
almost entirely stored in the cellular elements (platelets, Minard 4 ), 

* Partially aided by a grant from Abbott Laboratories. 

l MacGregor, R. R., and Peat, S., Physiol., 1931, 71, 31. 

- Bulbring, E„ and Burn, ,T. H., J. Physiol., 1935, S3, 4S3. 

Lewis, T„ and Marvin, H. M., Heart, 1927, 14, 27. 

■* Minard, D., Am. ,1. Physiol, 1937, 119, 373. 
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Coronary Occlusion- and Myocardial Firrosis 

may lie due to the small quantities of the aluminum present. After 
some experience the small aluminum thrombi can be detected with 
little difficulty, using hematoxylin and cosin stain following formalin 
fixation. 

T hirt\ labbits were given repeated intraventricular injections of 
aluminum hydroxide in non-fatal amounts. In animals weighing 
from 1S00 to 2500 g, 1 cc of the 2% solution could be safely given. 
Twenty-two of the rabbits lived and were sacrificed from one to 
6 weeks following repeated injections of the aluminum into the left 
ventricle while others died immediately following such injections. 

Gross examination of the hearts of the 22 animals which survived 
revealed fihrotic patches in some. A few yellowish areas measuring 
one millimeter in diameter could be observed in others. Microscopic 
examination of the heart muscle of these animals revealed numerous 
small fihrotic patches scattered particularly throughout the left 
ventricle. These scarred areas are similar to those seen in human 
cases that are associated with coronary sclerosis. In a few of the 
sections a chronic inflammatory reaction was the most pronounced 
change present. 

A number of the hearts showed small areas of infarction, par- 
ticularly in the lower third of the septum and near the tip of the 
left ventricle. Some of the small arterioles seen irt the adjacent 
myocardium were partially or completely occluded by aluminum 
thrombi. The cardiac muscle adjacent to the infarcts was partially 
replaced by actively proliferating fibroblasts and numerous inflam- 
matory cells. The latter consisted of lymphocytes, eosinophils and 
numerous macrophages. 

A more chronic proliferative lesion was noted in some areas of 
the heart in which large amounts of aluminum were present. In 
addition to the partial occlusion of the vessels some of the material 
apparently incited a foreign body reaction. The macrophages in 
those sections contained numerous particles of aluminum. A few 
giant cells of the foreign body type were also seen in the nearby tissue. 
The marked proliferative response of the fibroblasts in some in- 
stances produced a picture similar to true Aschoff nodules. Changes 
in the vessels were not especially frequent: the change most com- 
monly observed was some int final proliferation and an increased 
thickness of the vessel wall. 

Summary. It is possible to produce coronary occlusion and 
mvocardial fibrosis experimentally in the rabbit by means of in- 
jection of colloidal aluminum hydroxide into the left ventricle. This 
method may be useful in the experimental study of cardiac hyper- 
trophy and coronary disease. 
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The identification ot the contractor substance is aided by me use 
of thymoxyethyldiethylamine. This drug- is specific in counteracting 
the effect of histamine on the guinea pig ileum. 7 It has r.o com- 
parable effect upon contractions produced by KG. XaHCO ; . acetyl- 
choline. or the contraction produced in rare instances by adrenaline. 
Acetvlchoiine produces no contraction ot an arroptntzed muscle. 
The slight changes in pK of the blood folkr.vir.g nerve stimulation 
were no: sufficient to affect the activity of the muscle strip and most 
sera were diluted with a butter solution.. On the other hand, the 
contractor substance obtained in the blood from the rabbit's ear fol- 
lowing nerve stimulation was heat stable, active in an atropmized 
bath, bn: inactive after addition of thymoxyeth\ldietky!amine. In 
these respects it is “histamine-iike". The source of this substance in 
the rabbit's ear has not been determined. 

We wish to acknowledge the assistance of Mr. C. J. Loechl in 
these studies. 
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Thymoxyechyldiethylamine Antagonism to Circulatory Effects of 
Histamine in Anesthetized and Xonanesthetized Dogs. 


David Mix add and Sol R. Rosexthal. 

£ r rr ~ tr p D f ’pZ T tr'< er V** f>~ pP \ i T yjr K _ C?' 7 • f P<£*t <~ T OC*i. £>C'*-f* s *" r ''* r/1 £V. . c w P jp& r;’"~ 
*1 , C r r '^rj s r * T : r r r o* ff p fT rv » PC t, ("/ C K 


Although thymoxyeth} idicthv lamiue < Thvm. > has been found to 
antagonize histamine < Hi • effects on isolated smooth muscle 1- ' and 
to exert a protective action ir. guinea pigs against anaphylactic and 
Hi shock. - little work has been done regarding its action in 
carnivorous animals iu w hich the circulatory effects of Hi are most 
striking. \\ e have undertaken to investigate Tbym. antagonism 
to tne hypotension tmd hemoconcentration resulting from Hi adminis- 
tration in anesthetized and nonanesthetized dogs, and to observe the 
efrects of Them, alone 

7 B'-'-r-hLL ?. R_ zn<l 5Ij= r>i. D_ J . Erf. ic,-o 70 . 4 1. 5 . 

t D_ arc S-c-b. a. M_ f . E. >■ IP 37 . 124 . 547 

7 A_ a=I Bov--. D_ r. E- £,/■?_ 7037. 125. SIX 

' P:=et>. A. M_ Jr". I rs‘. Pc‘‘rt-~. 1933. 63. 4*' \ 4'5. 

1 s. E_ 2=1 jn= 2 re. D_ /. Erf. V><;_ 1930 . 70 . 4 IX 

- Kc«=;h2l. S. K_ 3rd Brvr-c. JL L_ P. ir 
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but is liberated into the serum after clotting. 3 Since only that 
histamine found free in the blood plasma is active in vivo, an attempt 
was made to determine whether there was an increase in plasma 
histamine after nerve stimulation (5 animals). Whole blood (0.1 
to 0.2 cc) was drawn directly into a syringe containing an equal 
quantity of heparinized Ringer's solution. These were drawn, 
mixed, and added at once to the muscle bath. It was found that 
control samples of unclotted blood contained no demonstrable con- 
tractor substance. However, following nerve stimulation, ability to 
contract the muscle appeared in )A to 3 minutes and was usually 
indetectable again after 8 to 15 minutes. This property of the whole 
blood could be abolished by previous addition of thymoxycthyl- 
diethvlamine to the muscle bath. The experiment could be repeated 
more than once using the same rabbit car. 

Two experiments with cats, testing blood serum, gave results 
similar to those in the rabbit. Wood was drawn from the external 
jugular vein following stimulation of the superior cervical sympa- 
thetic ganglion. 

Adrenalin which inhibits to some extent the muscle contraction 
produced by histamine is liberated on stimulation of sympathetic 
nerves to the rabbit’s ear/' Frequently, in our own experiments, 
blood drawn immediately following stimulation inhibited the effect 
of standard histamine solutions added to the bath more than did con- 
trol samples. Our results may have been made less apparent by this 
antagonism. 





Fig. I. 

A. Effect of tliymo\yetliy!dietliylniiiinc on control scrum, on S, serum o!>- 
tnimut after stimulation' of tin* superior ganglion (4 sec), and on Hi, standard 

n street on the ileum of C\ control heparinized, whole blood; Sj, obtained 
‘ immediately after stimulation of ganglion (10 sec); S 2 , 2 min after stimulation; 
$ 4 „Tm after stimulation; >S 4 , 13 min after stimulation. 

Tcode C. F., J. Phyx lot., 193", 00 , 34P. 

0 Gadduin, J. H„ .Tang, C. S., and Kiviatkowski, H., J- Physiol., 1930, OG, 104. 
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TABLE IX. 

Hemoconcentration After Hi in Nonanestlietized Dogs With and Without Thym. 

Treatment. 



Maximum liemoconc., avg 

Recovery time, avg 


(% of initial level) 

(To 10% of initial level) 



Thym. + 

f 1 

Thym. + 

No. of expts. 

Histamine 

Histamine 

Histamine Histamine 

9 

26.5 


> 110 min 

7 


11.8 

30 min 


reduction in both the degree and duration of hemoconcentration 
following histamine in animals receiving Thym. On the other hand, 
the blood pressure effects of Hi (1 mg/kg) were not appreciably 
altered by Thym. treatment. 

Discussion. Staub 3 failed to observe a decrease in the depressor 
response to Hi in chloralosed dogs after intravenous Thym. injec- 
tion, probably because the Hi doses used (.02 mg/kg) were beyond 
the effective range of Thym. However, we can confirm in dogs 
this author's observations in guinea pigs on Thym. antagonism to 
bronchoconstrictor effects of Hi. 

Insufficient experimental work precludes any postulation regard- 
ing the mechanism of Thym. antagonism to the depressor effects of 
small Hi doses. However, it seems unlikely that Hi vasodilatation is 
involved ; more probably Thym. action is limited to abolishing veno- 
constrictor effects of Hi. 

Whether the marked hemoconcentration observed in nonanes- 
thetized dogs after Hi represents solely a loss of plasma volume or 
whether an influx of red cells from a reservoir such as the spleen is an- 
important factor has not been investigated. Hence, it is premature 
to suggest that Thym. may reduce loss of plasma volume in hista- 
mine shock. 

Summary. Thymoxyethyldiethylamine administered subcu- 
taneously to (a) anesthetized and (b) nonanesthetized dogs reduces 
or abolishes the depressor effects of small histamine (Hi) doses and 
prevents the bronchial constrictor action of large Hi doses in (a) 
and reduces the hemoconcentration following large Hi doses in (b), 
but in neither (a) nor (b) are the depressor effects of large Hi 
doses appreciably altered. 
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In the first series of experiments, dogs under light amytal anes- 
thesia (60 mg/kg intraperitoncaily) were used. Mercury manometer 
recording of carotid pressure, tracheal cannulation with pnen- 
mometer recording of respiration, and cannulation of the femoral 
vein for injection completed the preparation. 

Four dogs served to establish the effects of small (1-10 7 ) and 
large (.25-1.0 nig/kg) doses of Hi injected intravenously. Ac- 
companying the blood pressure fall after large Hi doses, signs of 
severe respiratory obstruction were observed and taken to indicate 
bronchial constriction. 

In 10 dogs prepared as above, depressor effects of 1-10 7 doses 
of Hi were studied before and after subcutaneous administration 
of 40 mg/kg Them. After Thym. the depressor effects of these 
Hi doses were markedly decreased. Acetylcholine responses were 
affected hut slightly, thus indicating a specificity of Thym. action 
similar to that observed on isolated smooth muscle.'* 

TABLE 1. 


Popro-gor Bc‘i|)onso«i (o Hi nn<1 Arctylrliolinc Before nml After Tliym. 



lief ore Tliym. 

After Tliym. 

Hi -1 -y 

30 mm Hr 

10 mm Hg 

Cl 

CJ 

•to 

30 


After large Hi doses, the drug had no apparent effect either on 
the degree of blood pressure fall or recovery rate; however, indica- 
tions of bronchial constriction were no longer evident. 

In the second series of experiments, using nonanesthetized dogs, 
arterial pressure readings from the femora! artery exposed under 
local anesthesia were obtained with a needle and anaeroid manometer, 
a spinal fluid trap being interposed. Blood samples were drawn and 
injections were made into the femoral vein. Hemoglobin concen- 
trations were determined by the Sanford-Sheard photelomcter/ 

The effects of subcutaneous administration of 40 mg/kg Thym. 
on pulse rate, blood pressure, and hcmoconcentration were observed 
in 5 animals. The pulse and blood pressure uniformly showed a rise 
in 5-10 minutes after injection, reached a peak in 30-45 minutes, 
and gradually declined to normal. The hemoglobin level usually 
showed a transitory rise of less than 10%. 

The effects of Hi (1 mg/kg intravenously) were studied in 16 
experiments on 9 clogs with and without previous Thym. adminis- 
tration. The results, summarized in Table II, indicate a significant 

csnnford, A. II., Slieard, C., and Osterbcrg, A. E., Am. J. Clin. Path., 1933, 
3, 40o. 
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TABLE i. 


Treatment 

No. of 
Exp. 


Avg urine volume in cc 


/ 

9-1 

1-5 

5-9 

9-1 

1-9 

24 hr' 
Total 

Control 

15 

980 

1410 

950 

660 

975 

4975 

1 c e 0.2% ZtiAc 

■1 

1110 

1230 

870 

650 

1120 

4980 

I ’ ’ pitressin 

7 

290 

380 

500 

540 

980 

2690 

1 ’• 0.2% ZuAc j 

8 

2C0 

150 

190 

140 

690 

1430 

1 ” pitressin j 








Pitressin-in-oil 

3 







Control Hay 


970 

1250 

970 

640 

1100 

4930 

First »»* 


415 

320 

50 

120 

200 

1135 

Second ” 


0 

320 

220 

80 

490 

1110 

Third ” 


200 

770 

870 

290 

780 

2910 

Fourth »» 


860 

1030 

510 

350 

1000 

3750 

Fifth ” 


700 

1550 

1160 

460 

980 

4850 


*Pitressin-in-oil, 1.3 cc (20 units), injected intramuscularly at 9 A.M., on tlie 
first day only. 


most striking during the first 4 hours, with some reduction in urine 
volume for as long as 12 hours after injection. The administra- 
tion of a mixture of 1.0 cc of pitressin and 1.0 cc of 0.2% zinc 
acetate solution resulted in prolongation and intensification of the 
pitressin effect during the period from 4 to 16 hours after injection. 
The effect of both the aqueous pitressin and the zinc-pitressin mix- 
ture was dissipated within 24 hours. 

The effect of the administration of a preparation of pitressin sus- 
pended in peanut oil was more striking. The results of 3 experi- 
ments are summarized in Table I. A single intramuscular injection 
of 1.3 cc (20 units) of pitressin-in-oi! resulted in a maximal pitressin 
effect of fully 48 hours' duration, as contrasted with a 4- to 8-hour 
maximum effect in the case of a similar dose in aqueous solution 
and a 16-hour maximum effect when given in an aqueous solution of 
a mixture of pitressin and zinc acetate. With the oil preparations 
there was some effect evident for as long as 72 hours. 

These observations suggest that when pitressin is given alone, in 
watery solutions, it is rapidly absorbed and its full effect lost through 
destruction or excretion of the active principle. The data presented 
in this communication are compatible with the view that absorption 
of the pitressin is delayed when given in the presence of zinc acetate, 
or in oil. 

Summary. The presence of 0.1% zinc acetate prolonged and in- 
tensified the effect of aqueous solutions of pitressin in reducing the 
water exchange in experimental diabetes insipidus. The use of a 
preparation of pitressin suspended in oil resulted in a much more 
marked prolongation and intensification of the pitressin effect. 
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Zinc Salts and Oil in Prolongation of Therapeutic Effect of 
Pitressin in Experimental Diabetes Insipidus. 

D. J. Stephens. (Introduced by \Y. S. McCann.) 

1'rom the Depart limit of Medicine, Vniur-siti, of Rochester School of Medicine, 
ami the Medical Chair. Stroup Memorial and Rochester Municipal Hospitals, 

Rochester, X. y. 

It has been shown by previous investigators that the addition of 
zinc salts increases the activity of hypophyseal gonadotropic ex- 
tracts 1 '' and prolongs the hypoglycemic effect of insulin. 3 Boyd 
and Clark 1 have reported that the addition of zinc salts to posterior 
pituitary extracts prolongs the retention of water taken up by frogs. 
Keeney. Pierce and Gay' have shown that the effect of epinephrine 
is greatly prolonged when it is given suspended in oil. The present 
communication is a preliminary report of an investigation of the 
effect of zinc salts and of oil on the action of pitressin in experi- 
mental diabetes insipidus. 

A dog with experimental diabetes insipidus 0 was loaned to the 
author for this study by Dr. Roland Bellows of the Department of 
of Neurosurgery. The animal was fed once daily at 9 A.M. : liberal 
amounts of drinking water were available at all times. The urine 
was collected in fractional samples every 4 hours, with the exception 
of the period between 1 A.M. and 9 A.M.. when a single S-hour 
specimen was collected. The urine volume and specific gravity were 
accurately measured. 

Test substances were injected in a single dose at 9 A.M. The 
results of the subcutaneous injection of 1 cc of 0.2% zinc acetate 
solution, of 1 cc of pitressin* and of a mixture of 1 cc of pitressin 
and 1 cc of 0.2% zinc acetate solution arc shown in Table I. The sub- 
cutaneous administration of zinc acetate alone had no effect. The 
administration of a single dose of 20 units of pitressin resulted in a 
moderate reduction of the urine volume. The pitressin effect was 

1 FeMild, II. I.., Ilisnw, r. I,., mul Greep, It., Am. J. Physiol., 1930, 117, OS. 

- Saunders, T. .T., and Cole, II. II., Pnoc. So c. Ilvr. Biol, and 3Ied., 1930, 
33, 303. 

a, Scott, D. A., and Fislier, A. M., J. Phatm. and Erp. Thcrap., 1933, 55, 900. 

A Bovd, E. M„ and Clark, K. .1., Am. J. Med. Sci., 1939, 108, 171. 

a ICccney, E. I,., Pierce, .1. A., and Gay, E. X., Arch. hit. Med., 1939, 63, 119. 

a Bellows, It. T., and VanWagenen, IV. P., .7. Mere, send Mental Dis., 1938, 
88, 417. 

* Tlie pitressin and Ilia pitressin in oil used in tins study were generously 
supplied l).v Dr. E. A. Sliaip of tlie Pnike Davis Co. 
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Comparative Curative Values of Unsaturated Fatty Acids in 
Fat Deficiency.* 

G. O. Burr, J. B. Brown, J. p. ICass and W. O. Lundberg. 

1'Totn the Department of Dot any. University of Minnesota . 


Same time ago 1 we called attention to the fact that cod liver oil 
fed at 2-5 drop levels daily caused renewed growth of fat-deficient 
rats hut did not clear the scaly skin. In recent years we have had 
occasion to test numerous oils and pure fatty acids for these effects. 
Some of the results are reported in this paper. 

Fat deficiency in white rats was produced with the diet 550-B 
used hv Burr and Burr* consisting of casein, sucrose and salts supple- 
mented with whole dried yeast (Northwestern) and the unsaponi- 
fiable fractions of cod liver oil and wheat germ oil. When a growth 
plateau is reached and the skin has become scab' the animals are used 
for a study of the curative effects of the oils and fatty acids. The 
results are recorded as gains in weight in a given time and in ap- 
parent change in skin condition. An arbitrary rating of scale on 
the feet, scale on the tail and dandruff in the hair, ranging from Oto 
3 (most severe) is summed to give a maximum scaly condition of 9. 
Three to 6 rats are used in each group and the results have been 
repeated several times. 

During a search of corn oil, linseed oil and codliver oil for isomeric 
fatty acids the oils were fed at low levels and the responses noted at 
the end of 4 weeks. The results arc recorded in Fig. 1. Ten mg 
daily of corn or linseed oil is not sufficient to produce marked improve- 
ment. At the 20 and 40 mg levels, however, all 3 oils give good 
growth responses. On the other hand, corn oil is the only one which 
produces a complete skin cure in this period of time. These differ- 
ences can be explained if we assume that linoleic acid is responsible 
for the clearing of the skin, while linolenic and cod liver oil acids 
have little or no such effect. Corn oil (Mazda) has over 60% 
linoleic acid. Linseed oil probably has 30% linoleic and 40% 
linolenic acids. 


* Assistance in tlie preparation of tliese materials was furnished by the per- 
sonnel of Works Projects Administration, Oflieinl Project Ko. 63-1-71-140, Sub- 
project Xo. 325. 

1 Burr, G. O., Burr, AI. M., and Biown, W. R., Pnoc. Soc. hxr. Biol, axd Aie d., 
1031,28,903. 

2 Burr, G. O., and Burr, .At. At., J. Biol. Cl, cm., 2929, 82, 
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Growth and skin cures with 3 pure fatty acids. The doses were fed daily for 
4 weeks and stopped, while growth and skin records were continued 8 more weeks 
to show storage effects. 
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In Fig. 2 arc summarized the results of feeding linoleic, linolenic 
and arachidonic acid. In these experiments the doses were fed for 
only 4 weeks and the observations continued for 8 more weeks to 
measure the storage efiects. It is clear that linolenic acid gives good 
growth responses but has little effect on the skin. Arachidonic and 
linoleic acids arc similar in their effects. When fed at these low 
levels we do not find the superior action of arachidonic acid cited 
by Turpeincn. - ' When fed at a 40 mg level there is a storage effect 
of linoleic acid which makes those animals superior in both weight 
and skin quality after 8 weeks on the fat-deficient ration. 

These findings are of particular interest at this time in the study 
of the relation of unsaturated acids to vitamin Ik, deficiency. It has 
been observed by numerous workers that certain oils cure the severe 
acrodynia accompanying B„ deficiency. Schneider, Aschani, Platz 
and Steenbock* recently summarized their findings on the anti- 
acrodynic potency of foods. Examination of their Table I shows 
that cod liver oil is very poor and the linolenic acid of linseed oil is 
ineffective. Those oils highest in linoleic acid arc most effective 
(corn oil and wheat germ oil). Salmon 5 recently reported that 
methyl linolnte was much more effective than methyl linolenate in 
curing the skin of B„ deficient rats. 

Conclusions. Unsaturated fatty acids (linoleic, linolenic, arachi- 
donic and cod liver oil acids) show differences in growth and skin 
effects. They should no longer lie treated as an interchangeable 
group but should be used individually in nutrition studies. 

•■I Turpi inon, O., .7. Xu tr., 1P3S. !•">, 351. 

^ SclimOilcr, II. A., Asi tiam, .1. K., Platz, B. I?., and Stecnbnck, II., J. Xulr., 
1030, 18, DP. 

•'Salmon, W. 17., Prnc. Sue. Biol. Chun., 10 -JD, Si, S3. 
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Pyruvic Acid in Blood and Cerebrospinal Fluid.* 

Ernest Bueding and Herman Wortis. (Introduced by N. 

Jolliffe.) 

From the Psychiatric Division, the Medical Service of the Psychiatric Division, 
Bellevue Hospital, New York City, and the Department of Psychiatry, New York 
University College of Medicine. 

It has been shown that cocarboxylase (the diphosphoric ester of 
vitamin B, ) is necessary for the normal catabolism of pyruvic acid. 1 
In vitamin Bj deficiency (Oriental Beri-beri) pyruvic acid accumu- 
lates in the body fluids. 2 Methods previously used in the determina- 
tion are not satisfactory since a significant decrease in blood pyruvate 
occurs if the blood be allowed to stand at room temperature for even 
one minute prior to precipitation. This disappearance does not oc- 
cur if monoiodoacetate in a concentration of 0.2% is used as a 
stabilizing medium. Utilizing this finding, we have recently de- 
scribed a method for the stabilization and determination of pyruvic 
acid in the blood. 3 

The present study was undertaken in order ( 1 ) to determine the 
degree of stability of pyruvic acid in the spinal fluid, (2) to compare 
the levels of pyruvic acid in the blood and cerebrospinal fluid, (3) to 
make certain preliminary observations concerning the value of pyru- 
vic acid determinations for the diagnosis of vitamin B x deficiency. 

Method. The method for blood determinations was also used for 
the spinal fluid, except that the stabilizing medium (monoiodoace- 
tate) was found to be unnecessary. 

Stability of Pyruvic Acid in the Spinal Fluid. In contrast to our 
findings in the blood, the pyruvic acid content of the spinal fluid re- 
mains constant even if the sample be allowed to stand at room tem- 
perature for one hour prior to precipitation. Additional evidence of 
the stability of pyruvic acid in the spinal fluid was obtained in the fol- 
lowing way : Five cc samples of cerebrospinal fluid were caught in 
test tubes containing 25 mg of sodium monoiodoacetate, and other 
samples of the same spinal fluid were allowed to stand at room tem- 
perature for 60 minutes prior to precipitation without the use of the 

* Tins work was aided by a grant from Child Neurology Research (Friedsam 
Foundation). 

i Bangs, I. L., Ochoa, S., and Peters, R. A., Bioehem. J., 1939, S3, 1109. 

- Platt, B. S„ and Lu, G. D., Quart. J. Med., 1936, 5, 355. 

3 Bueding. E., and Wortis, H., J. Biol. Chrm., 1940, 133, 5S3. 
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TAJ1LK I. 

Stability of Pyruvate in the Spinal Fluid. 

2." mg CHoXCOOXa No CIMCOONa 


Spina! fluid 
sample 

Xo. 

Precipitated 
after 3 ruin 
mgCc pyruvic acid 

added. 
Precipitated 
after 3 min 
mg% pyruvic acid 

added. 
Precipitated 
after 00 min 
mp% pyruvic acid 

1 

o.po 



0.8S 

n 

0.03 

— 

0.93 

3 

— 

o.so 

0.80 

4 

— 

1.04 

1.03 

5 

— 

0.S3 

0.83 

(1 

1,12 

1.09 

1.10 

7 

0.78 



0.79 

8‘ 

— 

o no 

2.18 

9 

— 

2.40 

2.31 


nncl 0 w«*ri* of pneumococcus men i njjitis. 

stabilizing medium. Identical values were obtained in both samples 
(Table I). 

Pyruvic .-kid in ihr Blood and Cerebrospinal Fluid. Simultaneous 
samples of blood and cerebrospinal fluid were obtained on 67 patients 
with various neiiropsvchiatric and medical disorders. The subjects 
were fasting and at rest in bed. All determinations were done in 
duplicate. 

The content of blood pyruvic acid in 60 normal subjects was pre- 
viously' found to vary from 0.77-1.16 mg fo. We have, therefore, 
arbitrarily decided to consider as abnormally high those cases with 
blood pyruvate levels of 1.30 mg % or above. 

Considered in this fashion. 51 of our 67 cases had normal values 
for pyruvic acid in the blood, and 16 of our cases showed elevated 
figures. The relationship of spinal fluid pyruvate to that of the 
blood in these 2 groups is seen in Table II. 

Preliminary Observations Concerning the Value of Pyruvic Acid 
Determinations for the Diagnosis of Vitamin B , Deficiency. The 
51 cases with normal blood levels formed the following diagnostically 
labelled groups: (aj chronic alcoholism without clinical evidence of 
vitamin B, deficiency (peripheral neuropathy or beri-beri ), 15 cases; 


TABLE It. 

Relationship of Blood to Spinnl Fluid Pyruvate, 


Group Xo. of cases 

1 31 

2 16 


Blood 

0.791.30 
(Avg 1.03) 
1.4 1-2.41 
(Avg 1.82) 


- Mg Or pyruvic r>ciG - 
C.S.F. 


C'r C.S.F./ blood 


0.42-1.52 
(Avg 0.84) 
1.03-2.40 
(Avg 1.77) 


43-118* 
(Avg 82) 
07-170* 
(Avg 97) 


. In on i y G cases (2 in Group 1 and 4 in Group 2) did the ft C.S.F./BIood fall 
outside tlic‘ range 70-120%. 
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(b) Schizophrenia. 10 cases: (c) behavior problems in children, 6 
cases: (d) mental deficiency in children. 5 cases: (e) pneumonia. 5 
cases: (f) psychopathic personality. 2 cases: (g) hyperthyroidism . 
2 cases: (h) senile psychosis. 2 cases: (i) one case each of arsenical 
poisoning, reactive depression, paroxysmal convulsive disorder of 
unknown etiology and herpes zoster. 

The 16 cases with high blood levels formed these diagnostically 
labelled groups: (al chronic alcoholism with acute peripheral neu- 
ropathy. 12 cases: (b) beri-beri. 1 case: (c) pneumococcus menin- 
gitis. 2 cases: (d) pneumonia with prolonged temperature elevation, 

1 case. 

Of the 16 cases with elevated pyruvic acid levels, it is noteworthy 
that 13 f 12 of acute peripheral neuropathy and one of beri-beri) 
occurred in clinical syndromes which are known to be the result of 
vitamin B, deficiency. As a matter of fact. Platt and Lu have pre- 
viously described elevations of blood pyruvate in cases of ful- 
minating beri-beri.'- * We have criticized the limitations of their 
method in previous communications. 3, 3 In the 3 remaining cases 
with elevated blood pyruvate, the increase in total metabolism, as a 
result of prolonged fever with resultant depletion of vitamin Bi, 
may have contributed to the high values obtained. It should, how- 
ever. be particularly noted that none of these cases showed evidences 
of acute peripheral neuropathy. It may be that the metabolic dis- 
turbance must exist for some time before clinical evidences of 
vitamin B, deficiency are apparent. In addition, further work may 
indicate that elevations in blood pyruvate are related to conditions 
other than avitaminosis B t . 

Xonetheless. our results take on added interest if we reexamine 
our cases of chronic alcoholism without clinical evidences of vitamin 
B, deficiency. These 15 cases are subdivided as follows : (a) chronic 
alcoholism with old or treated peripheral neuropathy. S cases: (b) 
chronic alcoholism without evidences of involvement of the central 
or peripheral nervous systems. 4 cases: fc) chronic alcoholism with 
nicotinic acid deficiency. 2 cases: (d) chronic alcoholism with brain 
laceration. 1 case. The pyruvic acid levels were normal in even.* 
case. On the other hand our cases of chronic alcoholism with 
clinical evidences of vitamin B, deficiency showed an elevation of 
blood pyruvate in even* instance. 

Summary. 1. The stability of pyruvic acid in the spinal fluid is 

l Lu, G. D.. Biochem. J„ 1939. 33. 774. 

"•Wortis. H., Bneding. E„ and Wilson. W.. Peoc. Soc. Exp. Bjol. and Mei>.. 
1940 , 43 . 279 . 
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desciibed. 2 1 lie relationship of blood to spinal fluid pyruvate is 
reported. J he amount found in the cerebrospinal fluid is usual!}' 
70-120% ot that found in a blood sample taken simultaneously. 
3. Of the 16 cases with elevated blood pyruvate, 13 occurred in cases 
of known vitamin 11, deficiency. These latter constituted the only 
cases in the entire study with definite clinical evidences of vitamin B, 
deficiency. In the other 3, it is suggested that a relative deficiency of 
\ itamin B, may have existed In 51 additional cases, w ithout clinical 
evidence of vitamin 15, deficiency, the blood pyruvate was normal in 
ev eiy instance. 
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A New Type of Vitamin K-Deficient Diets. 

S. Ansuvchi.r. 

/ rom Tin Si/inhli Institute for Unheal IUtcarch, Xru Jlrunwiel, -V J 

Heretofore the vitamin Ix-dcficicnt Diet E of Almquist and 
Stokstad, 1 Ration K-l of Ansbacher,* Diet 508 of Dam and co- 
w orkcrO or modifications thereof, have been u=ed by the majority 
of investigators 1 ' 7 in assays, in which chicks served as test animals 
Since jiutrified fish meal i« an excellent source of one of the natural 
antihemorrhagic vitamin*, obstacle* arc frequently encountered m 
the employ of fish meal diet* even under conditions tending to 
minimize bacterial actii n 

Recently we found that the difficulties arising from k-vitannn 
synthesis are not experienced when diets are used which contain 
neither fish meal nor yeast, and in which vitamin K had been 
destroyed by prolonged heat treatment \\ e are now making 
vitamin lx assays with Ration Ix-7 outlined m the accompanv mg 
table 

I Almquist, II. .1 , and Stukst id, It L I? •/. Xiilntian, 1930, IS, 329 
- Ausb ii tier, S, J. Xutntuni 1939, 17. 303 
Dam, H , Gliuind, J , and Kairtr, P , IJrh Clnnt Ada . 1040, 21 224 
4 D inn, r. P , Pitot Ror Evp Biot. \xd Med 1930,42,003 
' MneFic, .T. M , B Klnradi, A L , and Climcc, M R A , Brit Meet ,1 . Dec 23, 
1930, 1220 

r TIi n pi , S A, McKoi, R W , Bmklei, R B, MaeCorquodile D VV , and 

Dois\, E. A , Proc Sor Exp Bioi axji Med , 1930, 41, 194 

" TidricK, R T, Jovce, F T, and Rmitli, H P.. Pkoc Soc Exp Bioi, and 
Mfd 1939, 42, 8S3 
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RATION K-7. 

Heated grain mixture* j wheat middlings- 25 ) 

( yellow corn 5S j 

Caseinf 

Salt mixtures 

Calcium earbonate 

Cod liver oil (medicinal) 

*A mixture containing 25 parts of wheat middlings and 5S parts of yellovr 
corn heated to 120°C for one week. 

tTo 1.2 kg of G.B.I. Vitamin-free Casein or of casein purified by washing with 
sodium chloride according to the method of either Supplee et alM or Edgar and 
collaborators!'!, an aqueous solution is added containing 20 mg of thiamin chloride, 
20 mg of riboflavin, 20 mg of vitamin Bg hydrochloride and 1 g of nicotinic acid. 
The product is thoronghlv mixed and then dried at a temperature not exceeding 
70°C. 

It is similar to the Ansbacher ct al. B modification of the 240-H 
ration, of Kline ct al..° the outstanding difference being the heat 
treatment of the grain mixture which is prolonged from 36 to about 
168 hours. 

When baby chicks are fed the heat-treated diet, they grow only 
very slightly, have an increased blood clotting time and show the 
typical K-avitaminosis symptoms within from 4 to 8 days, and die 
within approximately 2 weeks. If it is intended to make vitamin K 
assays with chicks weighing about 70 g. it is necessary to start baby 
chicks on a vitamin K-low diet. c.g.. Ration K-2, 2 and to feed Ration 
K-7 or a similar heat-treated diet after the birds attained the desired 
weight. Vitamin K-deficiency will occur after the fourth day on 
the K-7 diet, even when the chicks have access to feces, are housed 
in dirty cages and receive water contaminated with the diet. 

Experiments with chicks have shown that Ration K-7 is not only 
deficient in vitamin K, but also in pantothenic acid and some other 
as yet unknown factor or group of factors. Therefore, it may be 
supplemented with a suitable vitamin B complex concentrate, such 
as c.g. an aqueous extract of rice bran similar to that used by 
Lepkovsky 10 and known to be rich in pantothenic acid. 

Preliminary results brought out the fact that Ration K-7 may be 
used as the basal diet for rats in studies of the anti-achromotrichia 
factor. V hen rats were fed this diet from weaning age on, graying 
of the hair occurred within 60 to 70 days. The absence of the anti- 

8 Ansbacber, S., Supplee, G. C., and Bender, R. C., J. Xvtrition. 1936, 11, 529. 

9 Kline, O. U, Keenan, J. A., Elvehjem, C. A., and Hart. E. B., J. Biol. Chem.. 
1932-33, Of), 295. 

10 Lepkovsky , S, Science, 1938, 87, 169; J. Biol. Chem., 1938, 124, 125. 

u Supplee, G. C., Flanigan, G. E., Hanford, Z. M., and Ansbacber, S-, J. Biol. 
Chem., 1936, 113, 787. 

12 Edgar, C. E., El Sadr. M. M., and Macrae, T. F., Bioehem. J., 1938, 32, 2200. 
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Staining of Carious Lesions 


achroniotrichia factor could not be demonstrated, when the same 
ration without added crystalline vitamin 13, j was used. 

It is to he exacted that the new vitamin Iv-deficient diet will he 
found a useful tool in studies of some of the biological problems 
involved in vitamin K metabolism, since the diet apparcntlv does 
not permit a bacterial K -vitamin synthesis. 
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A Method for Staining of Carious Lesions in Teeth/ 
(i. Gomorj. (Introduced by K, G. Uloch.) 

/•'mm thr Department of M f rficinc, Unit* r sit if of Chicago, 


In the study of cxjierimental rat caries large numbers of animals 
must be employed to obtain significant statistical results. As a 
result the methods for examination of the molar teeth become very 
important. Some investigators have employed the very tedious 
method of preparing stained thin-scctions by the ordinary technics. 
Others have attempted to reduce the time and expense by resorting 
to either gross inspection of the carious teeth or to rapid grinding and 
examination of ground sections. At the suggestion of Dr. 13. F. 
Miller of the University of Chicago the author has developed a 
rapid, simple and precise method for the staining of carious areas 
in rat molars (and also in human teeth). Previously, 1 the author 
had developed a method for the demonstration of insoluble calcium 
salts in the tissues. It was found that this method cannot he applied 
to the study of teeth Iiecause the silver solution used in the technic 
will not penetrate the dense dental tissues. Dentin will get a very 
superficial black coating but enamel is entirely unstained. However, 
the surprising observation was made that carious areas stained deep 
black. This can be explained bv the greater permeability to the 
silver solution of the rarefied carious tissue. That the action of 
acid actuallv increases the permeability of enamel and dentin was 
proved bv the following experiment: into healthy, extracted human 
teeth symmetrical holes were drilled, two into each. One of these 

' work tins keen done under a grant from the Douglas Smith Foundation 

for Medical Research of the University of Chicago. 
l*Go...ori, G., Am. J. r«th„ 1933, O, 253. 
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Fig. 1. 

Ground Surfaces of Human Teeth. 

A. Proximal caries. 

B. Secondary caiies under a filling. 

C. Two holes drilled into a tooth. The left hole, treated with distilled water; 
the right hole, treated with lactic acid. 

holes was packed with cotton soaked in distilled water, the other with 
cotton soaked in 5 to 10% lactic acid. The holes were sealed with 
paraffin. The cotton plugs were changed twice daily. After 3 
days the plugs were removed, the teeth washed in distilled water 
and stained according to the technic mentioned. The holes that 
were treated with distilled water only did not show any staining by 
silver, whereas the holes packed with lactic acid were surrounded 
by a black area up to 2 mm in width (Fig. 1). 

The silver impregnation method is very suitable for the examina- 
tion of large numbers of rat jaws for carious lesions. The stained 
jaws may be directly examined under the surface microscope, or 
decalcified, embedded in celloidin and made into microscopic sections. 

The method is as follows; 1. Fix in neutralized 80 to 95% alcohol 
or in neutral formalin. 2. Wash tissues in repeated changes of 
distilled water. 3. Impregnate with a 0.25 to 0.5% solution of silver 
nitrate for 12 to 24 hours. 4. Wash in many changes of distilled 
water for at least 24 hours. 5. Reduce in a 5% solution of sodium 
hypophosphite for 24 hours. 6. Wash under the tap for several 
hours. 7. Fix in a 2% solution of sodium thiosulfate (hypo) for 
12 hours. 8. Wash under the tap for several hours. 

The stained jaws may be either dehydrated in alcohol, cleared in 
cedar oil and examined directly under the dissecting microscope, f 

t This variant of the technic has been used by Dr. B. F. Miller (Pboc. Soc. 
Exp. Biol, and Med., 1938 , 39, 389 ). 
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achromotrichia factor could not be demonstrated, when the same 
ration without added crystalline vitamin Bn was used. 

It is to be expected that the new vitamin K-deficient diet will be 
found a useful tool in studies of some of the biological problems 
involved in vitamin K metabolism, since the diet apparently does 
not permit a bacterial K-vitamin synthesis. 
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A Method for Staining of Carious Lesions in Teeth.* 
G. Gomori. (Introduced bv R. G. Bloch.) 

I'm in tin • Department of Medicine, Univcrsitt/ of Chicapo. 


In the study of experimental rat caries large numbers of animals 
must be employed to obtain significant statistical results. As a 
result the methods for examination of the molar teeth become very 
important. Some investigators have employed the very tedious 
method of preparing stained thin-sections by the ordinary technics. 
Others have attempted to reduce the time and expense by resorting 
to either gross inspection of the carious teeth or to rapid grinding and 
examination of ground sections. At the suggestion of Dr. B. F. 
Miller of the University of Chicago the author has developed a 
rapid, simple and precise method for the staining of carious areas 
in rat molars (and also in human teeth). Previously , 1 the author 
had developed a method for the demonstration of insoluble calcium 
salts in the tissues. It was found that this method cannot be applied 
to the stud}’ of teeth Ixtcause the silver solution used in the technic 
will not penetrate the dense dental tissues. Dentin will get a very 
superficial black coating but enamel is entirely unstained. However, 
the surprising observation was made that carious areas stained deep 
black. This can be explained by the greater permeability to the 
silver solution of the rarefied carious tissue. That the action of 
acid actually increases the permeability of enamel and dentin was 
proved by the following experiment: into healthy, extracted human 
teeth svmmetrical holes were drilled, two into each. One of these 

* Tiiis work” lias been (lone under a grant from tbe Douglas Smith Foundation 
for Medical Research of the University of Chicago. 

l Gomori, G., Am. J. Path., 1933, 0, 253. 
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dentin at the tips of the cusps however, often shows a more or less 
superficial staining. Examination of the sections for lesions is 
very easy because the carious areas take such an intense, conspicuous 
black stain. 

For decalcification one should employ a 5 to 10% solution of 
sulfosalicylic acid instead of mineral acids which attack the silver 
deposits. 

The author wishes to express his appreciation to Dr. J. R. Blayney 
and to Dr. B. F. Miller of the Walter G. Zoller Memorial Dental 
Qinic for their valuable suggestions. 
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Susceptibility of Field Mice and Meadow Mice to St. Louis 

Encephalitis. 

J. E. Greutter, J. D. Fulton, R. O. Muether, E. V. Hanss and 

G. O. Broun. 

From the Department of Internal Medicine, and the Department of Biology, 
St. Louis University School of Medicine. 

In the vicinity of St. Louis the 3 most common species of wild 
mice are the field mouse, Reithrodontomys megalotis, the house 
mouse Mus musculus and the meadow mouse, Microtus ochrogaster. 
As long ago as the epidemic of 1933 efforts were made to trap mice 
in the homes of encephalitic patients. Several field mice were cap- 
tured but no representative of either of the other species were 
obtained in such homes. Beginning in 1934 we tested the suscepti- 
bility of field mice to the virus of St. Louis encephalitis and found 
that they can be infected both by intracerebral and intranasal inocula- 
tion. Harford, Sulkin and Bronfenbrenner 1 have reported that the 
house mouse, Mus musculus, is also susceptible to this infection. 

More recently we have captured a large number of field mice and 
also have been able to capture a number of meadow mice. Tests for 
the susceptibility of these strains of mice to the encephalitic virus 
have been carried out using simultaneous tests on white Swiss mice 
for comparison. 

1 Harford, C. G,, Sulkin, S. E., and Bronfenbrenner, J., Proc. Soc. Exp. Biol, 
and Med., 1939, 41, 331. 
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or they may he decalcified and embedded in celloidin. Six or more 
jaws may he included in a single celloidin block. The sections can 
be connterstaincd with any stain desired. Sections of several to 
many dozens of rat jaws depending on the number of sections 
required, can be cut, stained and mounted in a few hours. 

In the finished sections the carious areas are stained deep black 
(Figs. 2 and 3). A superficial layer of bone and dentin, up to about 
20 micra in thickness, will usually be stained black or dark brown, 
and, in addition, some superficial osteoblasts with their processes. 
Calcium-containing debris in the fissures will show up as a black, 
finely granular mass. Healthy enamel is unstained, the exposed 
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Observations Concerning Culex ptptens &s a Possible Carrier of 
St. Louis Encephalitis. 

J. D. Fulton, J. E. Greutter, R. O. Muether, E. B. Hanss and 

G. O. Broun. 

From the Department of Internal Medicine, St. Louis University School of Medicine. 

It has been shown by Casey and Broun that St Louis encephalitis 
cases appear to occur with higher incidence in those areas of the 
city and county which are adjacent to small streams and open 
ditches. 1 This suggests the possibility of a water breeding insect 
as a possible transmitting agent. Transmission of the equine types 
of encephalomyelitis by mosquitoes from animal to animal has been 
demonstrated by Kelser, Simmons, Reynolds and Cornell, 3 and 
Merrill, Lacaillade and Ten Broeck. 4 

Webster, Clow and Bauer 3 demonstrated the St. Louis encepha 
litis virus could be taken into the body of the Anopheles quadrimacu~ 
lattts mosquito and retained for the duration of their lives. The 
virus containing mosquitoes, however, did not infect mice or 
monkeys by biting. Attempts were made subsequent to the 1933 
epidemic to transmit encephalitis from human being to human being 
by the bite of the various species of mosquito without success.* 5 

Since Culex pipicns is the most common type of mosquito in the 
St. Louis area, we have studied the ability of this mosquito to become 
infected with the virus of St. Louis encephalitis. 

Mice infected with St. Louis encephalitis by intraperitoneal injec- 
tion of heavy doses of virus have been shown by Webster and his 
co-workers to have a considerable concentration of the virus in the 
circulating blood for a period of five hours after the injection. In 
our experiments 1 cc of a 1/10 dilution of virus containing brain 
was injected intraperitoneally. The mouse was then placed in a 
specially built biting cage where he was exposed to a number of 
mosquitoes for a period of 5 hours after dark in a quiet room. 

1 Casey, A. E., and Broun, G. O., Science, 193S, 68, 450. 

2 Kelser, R. A., Jr., A. V. M. A., 1933, 33, 767. 

3 Simmons, J. S., Reynolds, P. H., and Cornel!, V. H., Am. J. Trop. Med., 1936, 
10 , 289. 

■* Merrill, M. H., Lacaillade, C. W., and Ten Broeck, Carl, Science, 1934, 80, 251. 

• r > Webster, L. T., Clow, A. D., and Bauer, J. H., J. Exp. Med., 1935, Cl, 479. 

Report on tlie St. Louis Outbreak of Encephalitis, Public Health Bulletin, No. 
214, United States Public Health Service. 
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The effect of the intracerebral injection of 0.030 cc of St. Louis 
encephalitic virus in dilutions of 10 _ \ 10~ 2 , 10 -3 . 10 - ', 10" 5 , 10~° 
were tried in each species. In the case of the field mice some sur- 
vivals were noted even in dilutions of 10 -2 and the majority of the 
animals survived in dilutions of 10~‘, 10"\ and 10~°. In the case of 
white Swiss mice controls, there were no survivals in less than 10 _r ‘. 
In meadow mice, no survivals were found in dilutions lower than 
10 -'. 

In one experiment using a number of resistant field mice, it was 
possible to show that animals inoculated intracerebrally with the 
virus showed no evidence of illness 10 days after the injection, yet 
were carriers of the virus in their brain tissue since the injection of 
this brain tissue into Swiss mice regularly resulted in the production 
of encephalitis. The brain emulsion of the first field mouse was then 
transferred to a second field mouse. This animal also remained 
well. Again after a period of 10 days, the brain of the second 
animal was shown to contain the virus when transferred to white 
mice. In like manner, the virus was carried through 4 successive 
transfers in field mice, the brain emulsion producing fatal encephalitis 
in white mice in each instance. 

While we have captured a number of field mice in the homes of 
encephalitis patients, in no instance have we been able to detect the 
presence of the virus in the brain, naso-pharynx, spleen or other 
tissues in any of these animals. We have also examined the tissues 
of numerous field mice captured at random in various parts of 
St. Louis and St. Louis County, and in no instance have we been 
able to show that these animals are carriers of the virus. Field 
mice and meadow mice while a potential reservoir of encephalitis 
virus have not been shown to harbor the infection spontaneously. 
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Validity of Chemical Balance Studies in Eviscerated Animals, 
as Index of Carbohydrate Utilization. 

Samuel Soskin, R. Levine and M, Taubenhaus. 


From the Department of Metabolism and Endocrinology ,* Michael Feesc Hospital, 

and the Department of Physiology, University of Chicago, Chicago , III. 

We have recently employed the chemical balance method in the 
abdominally eviscerated animal, to study the utilization of carbo- 
hydrate by die peripheral tissues of dogs under the following con- 
ditions (a) normal and depancreatized ; 5 (b) normals treated with 
insulin; 2 - 3 (c) normals treated with an anterior pituitary extract; 4 
(d) hypophysectomized ; 4-3 (e) phlorhidzinized. 0 The chemical 
balance was struck from the blood sugar, blood lactic acid and the 
muscle glycogen values at the beginning and end of the experiments; 
and from the amount of sugar administered during the experiment. 
The calculations from these data were based upon distribution 
ratios reported bv others, namely, 1/6 of the body weight for sugar 
and lactic acid 7 - 8 and 1/2 of the body weight for muscle glycogen. 9 - 50 

There are 2 possible objections to the manner in which we calcu- 
lated the utilization of carbohydrate by the muscles: (1) The pos- 
sible presence of significant amounts of free sugar or of higher 
carbohydrate intermediates in the muscles, which would not be 
taken into account by glycogen estimations alone. (2) The possible 
presence of amounts of lactic acid in the muscles, which are not in 
equilibrium with the blood values. We have therefore repeated 
utilization experiments on eviscerated normal and depancreatized 

* Aided by the Max Pam Fund for Metabolic Research. 

! Soskin, S., and Levine, ft., Am. J. Physiol., 1937, 120, 761. 

- Soskin, S., and Levine, R., A m. J. Physiol., 1938, 123, 192. 

• ! Soskin, S., and Levine, R., am. J. Physiol.. 1940, in press. 

4 Soskin, S., Levine, R., and Lehmann, W., .4 m. J. Physiol., 1939, 127, 463. 

•' Soskin, S-, Levine, R., and Heller, R. E., Proc. Soc. Exp. Bioi- and Med., 
193S, 38, C. 

« Soskin, S., Levine, R., and Lehmann, Proc. Soc. Exp. Bioi- and Med., 
193S, 39, 442. 

7 Burn, J. H., and Dale, H. H.. J. Physiol.. 1924, 59, 164. 

SLavietes, P. H-, Bourdillon, J., and Klinghoffer, K., .7. Tim. Invest., 1936, 
13, 261. 

0 Best, C. H., Dale, H. H., Hoet, J. P.. and Marks, H. P., Proc. Doyal .Soc. 
London D, 1920, 100, 55. 

10 D - Ve > J - A*> and Chidsey, J. L., Am. J. Physiol., 1939, 120, P4S2. 
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At the end of this time the engorged mosquitoes were separated 
from the unengorgcd and placed in another cage. Small culture 
dishes of semi-stagnant water were placed on the floor of the cage 
to provide a place for the deposition of any eggs that might be laid 
and as a moisture source for the mosquitoes. 

A number of engorged mosquitoes were selected at random and 
killed in ether fumes. Usually 3 mosquitoes were ground in a mortar 
and diluted with 10 cc of salt free broth, and then passed through a 
Berkefeld filter. Serial dilutions of 1 :5, 1:10, 1:100 were made of 
the filtrates and each injected intracerebrally into 3 Swiss mice in 
0.03 cc amounts. The injected animals were observed for 15 days 
after injection. 

In 29 series of experiments in which the mosquitoes which previ- 
ously had engorged on infected mice were macerated and injected 
into normal mice, some of the injected mice died in 10 instances. 
In only 3 cases, however, were we able to earn' the virus in serial 
transfers and to prove conclusively by neutralization tests that the 
virus of St. Louis encephalitis had been the infecting agent. 

In the successful experiments we have so far shown survival of 
the virus in the body of the mosquito no longer than 10 days. The 
concentration of the virus within the body of the mosquito has not 
been shown to lie greater than 100 intracerebral lethal mouse doses. 
This is a very much smaller concentration than was shown by 
Webster to lie present in the body of the Anopheles mosquito.' 11 

Two series of experiments were conducted in which larva: of 
about the first or second instar were placed in water containing a 
macerated infected brain suspension. The dilution of the brain 
suspension in water was 1:10. "When these larvae transformed into 
the adult form, the mosquitoes were macerated in broth, filtered and 
injected into normal mice. None of the mice showed any evidence 
of infection after such injections. 

Nine series of experiments were conducted in which eggs laid by 
mosquitoes which had previously been allowed to feed on infected 
mice were macerated in broth, filtered and injected into normal 
mice. 4 In all cases the mice remained normal and healthy. 

In 15 experients normal mice were exposed in the biting cages to 
50 to 100 mosquitoes which had previously been allowed to feed on 
an infected mouse and then allowed to stand until they became 
empty. They were then observed until they had been allowed to 
feed on the normal mice. The mice were allowed to remain in the 
cage for 12 hours and then removed. In all cases the mice were 
healthy and normal after 15 days. 
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dogs respectively, in which we have determined the total carbo- 
hydrate content of the muscle instead of muscle glycogen, and the 
lactic acid content of the muscle as well as blood lactic acid. Our 
results by these methods arc presented, and are compared with our 
previous results. 

Methods and Results. The details regarding the technic of these 
experiments and the chemical methods employed were described in 
a previous publication. 1 The total carbohydrate estimations in the 
present work were made by the method of Tsai, as modified by Benov 
and .Elliott. 11 The blood and muscle lactic acids were determined 
by a slight modification of the method of Miller and Muntz. 1 ' 

The data are summarized in Table I. Calculations of utilization 
from these data were made in 2 ways: (A) depending on the dis- 
tribution ratios used in our previous work, (B) treating blood and 
muscle separately. These 2 types of calculation are exemplified in 
parallel, for animal No. 1. 

It may be seen that the results of the above calculations, although 
they show some difference, are of the same order of magnitude. 
Fig. 1 graphically represents the results of both calculations for all 
our present animals, and offers a comparison with our previously 
published results and calculations. The present methods of calcu- 
lating introduce only a slight and consistent difference in the data 
as a whole. It is understood, of course, that none of the above 
methods can be held to yield absolute utilization values. But it is 
equally evident that any of them give good comparative results. 

Discussion and Summary. It is clear that neither of the possible 
objections to our previous method of calculating carbohydrate util- 
ization is sufficiently valid to materially affect the end results. That 
is, the amounts of free sugar, higher carbohydrate intermediates, or 
lactic acid present in the muscles are n it such as to invalidate calcu- 
lations based on blood sugar and lactic acid values, and distribution 
ratios. This agrees with the earlier, basic work of Best, Dale. Hoet 
and Marks." who demonstrated that the sugar which disappeared 
from the blood of eviscerated spinal cats was equal to the sum of the 
glycogen deposited in the muscles and the glucose equivalent of the 
oxygen consumed. 

The close correspondence of utilization rates, as determined by 

11 Benov, M. P., nml Elliott, K. A. C., Binchcm. J., 1037, 31, 12G8. 

,-j Miller, B. F., and Muntz, ,T. A., J. Biot. Chcm., 1938, 120, 413. 
la Cliidsev, .T. L., nml Bye, .1. A., .tin. J. Physiol., 1939, 120, P461. 
l-t Peters, .T. P., Body II atcr, Springfield, C. C. Thomas, 1935, p. 138. 
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dogs respectively, in which we have determined the total carbo- 
hydrate content of the muscle instead of muscle glycogen, and the 
lactic acid content of the muscle as well as blood lactic acid. Our 
results by these methods are presented, and are compared with our 
previous results. 

Methods and Results. The details regarding the technic of these 
experiments and file chemical methods employed were described in 
a previous publication.’ The total carbohydrate estimations in the 
present work were made by the method of Tsai, as modified by Benoy 
and Elliott." The blood and muscle lactic acids were determined 
by a slight modification of the method of Miller and Muntz. 1 - 

The data are summarized in Table I. Calculations of utilization 
from these data were made in 2 ways: (A) depending on the dis- 
tribution ratios used in our previous work, (B) treating blood and 
muscle separately. These 2 types of calculation are exemplified in 
parallel, for animal No. 1. 

It may be seen that the results of the above calculations, although 
they show some difference, are of the same order of magnitude. 
Fig. 1 graphically represents the results of both calculations for all 
our present animals, and offers a comparison with our previously 
published Jesuits and calculations. The present methods of calcu- 
lating introduce only a slight and consistent difference in the data 
as a whole. It is understood, of course, that none of the above 
methods can be held to yield absolute utilization values. But it is 
equally evident that any of them give good comparative results. 

Discussion and Summary. It is clear that neither of the possible 
objections to our previous method of calculating carbohydrate util- 
ization is sufficiently valid to materially affect the end results. That 
is. the amounts of free sugar, higher carbohydrate intermediates, or 
lactic acid present in the muscles are not such as to invalidate calcu- 
lations based on blood sugar and lactic acid values, and distribution 
ratios. This agrees with the earlier, basic work of Best, Dale. Hoet 
and Marks," who demonstrated that the sugar which disappeared 
from the blood of eviscerated spinal cats was equal to the sum of the 
glvcogen deposited in the muscles and the glucose equivalent of the 
oxygen consumed. 

The close correspondence of utilization rates, as determined by 

n Benoy, M. P., ami Elliott, K. A. C., Biochem. J., 1937, 31, 12GS. 

12 Miller, B. F., nnd Muntz, ,T. A., J. Biol, them., 1938, 120, 413. 

IS Cliidser, J. L., and Dye, J. A., Am. J. Physiol., 1939, 120, P4G1. 

Peters, J. P., Body 11 atcr, Springfield, O. C. Tliomas, 1935, p. 138. 
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before injection with 0.1 N NaOH. All injections were given 
intramuscularly. 

A modified Tillman’s procedure was used for the estimation of 
the ascorbic-acid content of the serum. The method follows: 
4 to 5 cc of blood were drawn by cardiac puncture and allowed to 
stand for 15 minutes and centrifugalized. Two cc of the serum 
was then added to 4 cc of freshly prepared 20% trichloracetic acid. 
The mixture was allowed to stand for 5 minutes and again centrifu- 
galized. Three cc of the clear supernatant liquid was then titrated 
against 2,6-dichloro-phenolindophenol ( Hoffbann-LaRoches tab- 
lets). Each cc of the dye solution is equivalent to 0.02 mg of 
ascorbic acid. All titrations were done in duplicate and triple dis- 
tilled water was always employed. 

TABLE I. 

Daily Dose of Ascorbic Acid and Blood-serum Ascorbic Acid in the Guinea Pig. 


No. of 

determinations 

Daily dose, 
mg 

Blood-serum ascorbic acid in mg% 

r \ 

min. max. med. 

40 

0 

0 

.05 

.02 

220 

0.5 

0 

.21 

.09 

218 

1.0 

.05 

.36 

.13 

47 

2.0 

.12 

.52 

.33 

117 

5.0 

.39 

.74 

.57 

143 

10.0 

.83 

1.44 

1.03 

85 

20.0 

.87 

1.73 

1.08 


Results. The table gives a composite protocol of the results of 
870 blood -serum ascorbic-acid values. 

It is seen that the maximal concentration of vitamin C in the 
serum of the guinea pig only occurs when a daily dose of from 10 to 
20 mg is given. Since it has been shown that serum-complement 
reaches its maximal activity at a level of about 1 mg of ascorbic 
acid per 100 cc, it is suggested that an amount of 10 mg per day be 
given to maintain the normal activity of the blood-serum proteins 
since a full complementary activity is an expression of the normal 
behavior of these proteins. Cohen 0 found that 5 mg of ascorbic 
acid per day was needed in a tooth-protective ration. 

Summary. Analysis of a series of 870 blood ascorbic-acid values 
reveals that a daily intake of from 10-20 mg of ascorbic acid is 
needed to secure a 1 mg per 100 cc concentration in the blood serum 
of the guinea pig. Under these conditions a normal complement- 
value is obtained. 

0 Colieu, M. B., J. Allergy, 1938, lO, 15. 
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Vitamin C Requirement of the Guinea Pig.* 

E. E. Ecker and L. Pillemer. 

From the Institute of Pathology anti the University Hospitals of Western Reserve 
University, Cleveland, Ohio. 


The assumed daily requirement of ascorbic acid for the guinea 
pig has gradually been increased from 0.5 mg to 1.5 mg (Szent- 
Gvorgyi. 1 ) In fact, Zilva' showed that even on a dosage of 1.5 mg 
per day saturation of the tissues did not occur, and that about 20 
times this amount was necessary to maintain saturation of the 
tissues. However, since Zilva’s animals apparently thrived on 1.5 
mg per day, this author assumed that this amount sufficed to assure 
undisturbed growth and health. 

Szcnt-Gyorgyi, 1 however, believes that the true physiologic daily 
dose of the vitamin is that amount which the animal consumes in 
its native environment. He calculated that in his natural habitat the 
guinea pig ingests about 30 mg of ascorbic acid daily, and that this 
amount compares favorably with the amount needed to maintain 
a maximal saturation of its tissues. During the course of the experi- 
ments on the relationship of vitamin C to complementary activity, 3-5 
870 blood-serum ascorbic-acid determinations were made. The 
guinea pigs were given varying amounts of ascorbic acid. 

This report deals with the relationship of the blood-serum 
ascorbic-acid level to the daily intake of varying amounts of the 
vitamin. 

Methods. All the animals were maintained on a stock diet of 
Purina mixed rabbit chow. This mixture is supposed to contain all 
the essential elements needed for full growth of the animals with 
the exception of vitamin C. In fact, guinea pigs develop scurvy 
when maintained on this diet for periods longer than 21 days. 

Crystalline ascorbic acid was administered either as a commercial 
sodium salt known as "Cevalin” or as ascorbic acid neutralized 

* Aided by a grant from tlie Commonwealth Fund. 

1 Szent-Gvorgyi, A., Dcutsch. mcd. Wchnschr., 1937, <53, 1789. 

2 Zilva, S. S., Biochem. J-, 1936, 30, 1419. 

3 Ecker, E. E., Pillemer, L., Wertheimer, D., and Gradis, H., J ■ Immunol., 1938, 

< Pillemer, L., Seifter, J., Kuelm, A. O., and Ecker, E. E., to be published. 

n MacDonald, F., and Johnson, H., to be published. 
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serum was then suspended in a large stoppered test tube containing 
50 cc of cold 1.0 N NaCl solution. The sac was suspended in the 
saline at such a height that the level of the saline was about a 
centimeter above the level of the serum within the sac. A control 
sample of the same guinea-pig serum was measured into a similar 
cellophane sac and sealed in the same manner as above. This was 
suspended in an empty, large, stoppered test tube. 

The large test tubes containing the sacs were placed in a cold 
room at 4.5°C. At the end of 24 hours, the sacs were opened and 
0.05 cc of serum was removed from each sac. These samples were 
diluted 1 :30 with 0.9% NaCl solution and the complement-activity 
of each sample was determined by the method of initial hemolysis 
of Ecker ct air After removal of the samples for titration, the 
cellophane sacs were again sealed. Each serum undergoing dialysis 
was suspended in another 50 cc portion of cold 1.0 N NaCl solution. 
Dialysis was allowed to proceed at 4.5°C for another 24-hour period 
at the end of which time the above procedure was repeated. This 
was continued throughout the course of the experiment. The 
volume of each dialyzed serum and of the control serum was 
measured at intervals during the experiment. It was found that 
in no case did the volume increase by as much as 10% during the 
entire experiment. There was no change in the volume of the 
control. 

The table shows the complement values obtained for three dialyses 
of 2 different serums, and also the titration values for the controls. 

Conclusions. It is seen from the above table that guinea-pig 
serum slowly loses some of its complementary activity during 
dialysis against 1.0 N NaCl solution at a low temperature over a 
period of 2 weeks. This loss in activity is in no way comparable, 
however, with that reported by Chow and Zia who stated that in a 


TABLE I. 

Complement-activity of Serum During Dialysis in the Cold Against 1.0 X Sodium- 
chloride Solution. 


Period of dialysis 
in hr 

0 

24 

48 

72 

96 

144 

168 

192 216 240 264 

Dialyzed serum A 

.03 

.04 

.03— 

.04 — 

.04+ 

.04 


•OS .OS 

Control A 

.03 

.03 

.03+ 

.04 — 

.04+ 

.04 


.07+ ,0S 

Dialyzed serum B] 

.02 

.03 

.03 

.04— 

.04 


.03 

.04 .03 

Dialyzed serum Bo 

.02 

.03 

.03 

.03 

.04 


.03 

.04 .03 

Control B 

.02 

.03 

.03 

.03 

.04 


.03 

.04 .03 


2 Ecker, E. E., Pillemer, L., Wertheimer, D., and Gradis, H., J. Ivmunol., 193S, 
»4, 19. 
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Dialysis of Complement Against 1.0 Normal Sodium Chloride.* 
Chase Breese Jones and E. E. Ecker. 


From the Institute of Pathology and the University Hospitals of 7 restern Reserve 
University , Cleveland, Ohio. 


Chow and Zia 1 reported tiiat when guinea-pig serum is dialyzed 
against normal NaCl solution through a cellophane membrane at 
about 5°C its complementary activity rapidly decreases. They also 
stated that they were able to restore practically all of the original 
activity of the serum by combining the dialysate with the non- 
dialvzable fraction, and concluded that the loss of activity was due 
to the removal of a dialyzablc component of the complement. Since 
these authors were unable to reactivate dialyzed serum by the addi- 
tion of veast-inactivated complement, or ammonia-inactivated com- 
plement, or by complement inactivated by oxidation with iodine, but 
were able to reactivate with dialysates of serums which had pre- 
viously been inactivated by any of the above methods, they state that 
“these results, therefore, indicate that the dialyzable component of 
complement is different from the third or fourth or the oxidizable 
components of complement.” 

Because of the introduction of a new factor or factors in the con- 
stitution of complement it was thought of interest to study the 
reactivation of complement which had been inactivated by dialysis. 
However, upon repetition of the experiments of Chow and Zia. it 
was not possible to confirm their results in respect to the inactiva- 
tion of complement by dialysis under the conditions reported by 
them. 

It was observed that serum dialyzed in the cold (4.5°C) against 
1.0 N NaCl, even over long periods of time, loses its hemolytic 
activity no more rapidly than serum which is stored without dialysis 
under the same conditions. 

Experimental. Five cc of fresh guinea pig serum were measured 
into a -inch cellophane tube (No. 341), the bottom of which had 
been folded and tied off with silk thread in such a way as to prevent 
leaking. The top of the tube was sealed with a rubber stopper and 
tightened with a rubber band. The cellophane sac containing the 

* Aided by a grant from the Commonwealth Fund. 

l Chow, B. F., and Zia, S. H., Proc. Soc. Exp. Biol, and Med-, 1!>3S, 38, 605. 
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to the amount consumed 6y the rat when the butter fat is incor- 
porated in the diet at a level of 9%. Butter fat is thus placed in 
the peculiar position of being an anti-dermatitis agent when fed as a 
supplement, and of failing to exhibit this property when mixed 
with the diet. This anomalous role of butter fat was clarified by 
the following experiments. These indicate that the mixing of butter 
fat in the diet may result in a destruction of the anti-dermatitis 
potency of the former when the mixed diet is allowed to stand in 
contact with the air for periods of time usually met with in the 
laboratory production of rat dermatitis. 

Experimental. The diet used had the following composition. 
Glucose 68, casein (alcohol extracted) 18, salts 4, cod liver oil 1, 
butter fat 9. In addition each rat received the following daily sup- 
plements: 5 n-g calciferol and 10 n-g beta carotene in 1 drop of the 
liquid fraction of hvdrogenated coconut oil, plus 2 0/*g riboflavin 
and 10 ftg thiamin chloride hydrochloride in 1 drop of N/50 acetic 
acid. The diet, apart from vitamin supplements, was fed in two 
forms, “fresh” and “rancid.” The “fresh” diet was made up 
weekly, previously prepared but unused quantities being discarded, 
and was stored in a refrigerator between feedings. The “rancid” 
diet was made up one month before use and was stored for that 
period, open to the air, in a warm room When used the “rancid” 
diet had the characteristic odor of rancidity (Peroxide No. of ether 
extracted fat was 131). Diets were fed daily and uneaten portions 
discarded. 

The rats used were 35-40 g weanlings specially prepared 3 on a 
diet low in anti-dermatitis factors. When 3 rats were fed the 
“rancid” diet they developed a florid dermatitis 'in 6 weeks. Three 
rats fed the “fresh” diet failed to develop any symptoms of derma- 
titis even after 15 weeks. When the rats which had developed 
dermatitis on the “rancid” diet were changed to the “fresh” diet, 
the dermatitis was cured in three weeks. When the experiment was 
repeated with the same number of animals using the paired feeding 
method the results were the same. The differences thus observed 
could not be attributed to differences in consumption of the diets. 

Summary. The anti-dermatitis action of fresh butter fat has 
been confirmed. 

Destruction of the anti-dermatitis potency of butter fat has been 
demonstrated in a diet in which the butter fat was allowed to become 
rancid. 

3 Quackenbnsh, F. W., Platz, B. B., ana Steenbock, H., J. Xutr. 1939, 17, 115. 



266 


Butter Pat in Dietary Dermatitis 


typical experiment a sample of serum lost nearly 90% of its original 
activity upon dialysis for 4 days under the same experimental con- 
ditions, while a control sample lost only 25% of its activity during 
storage for the same period. It will be noted from the results of 
the present experiments that both the total loss and the rate of loss 
of complement activity in the dialyzed serum is in each case sub- 
stantially identical with that of the undialyzed control serum. It is 
upon this evidence that the conclusion is drawn that none of the 
components of complement are removed from the serum by dialysis 
against 1.0 N NaC!. The loss of complementary activity obtained 
by allowing serum to remain in the cold for long periods of time may 
be explained upon the basis of oxidation alone, or other factors, since 
neither complement nor any of its parts is dialvzable through a cello- 
phane membrane against 1.0 N NaC! solution in the cold. In addi- 
tional experiments, little loss of activity was obtained in dialyzing 
against cold 1.0 N NaCI solution complement which had been puri- 
fied by a fractional precipitation method which will be reported in a 
subsequent paper. Dialysis in this case has been allowed to proceed 
for periods as long as 30 days. 

Summary. Dialysis against 3.0 N NaCI at 4.5°C does not remove 
a dialvzable component from the guinea-pig complement. The 
gradual loss of activity noted may be accounted for on the basis 
of changes within the protein-molecule. 
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Butter Fat in Dermatitis-Producing Diets. 
Howard A. Schneider. (Introduced by D. D. Van Slyke.) 

From the Department of Biochemistry, College of Agriculture, University of 
HT.sconsin, Madison, IT is.* 


Butter fat has been revealed both as a curative agent 1 for rat 
dermatitis and also as a component (9%) of a dermatitis-producing 
diet. 1 ’ The curative property was demonstrated by a daily supple- 
ment of 500 mg of fresh butter fat, a quantity approximately equal 

» Present address: Hospital of tlie Rockefeller Institute for Medical Research, 

Schneider, H. A., Ascl.am, J. K., Platz, B. ft., and Steenbock, H., J. Nutr., 
1939, IS, 09. 

2 Gyorgy, P., Biochem. J., 1935, 29, 741. 
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pH determinations done with the glass electrode show that, in 
the amounts used, the change in pH caused by addition of the sodium 
salts is small. 

Cultures were incubated at 37.5 C. 

Readings were made at magnification of 60X with a standardized 
ocular micrometer using a mechanical stage (114 units 1 mm). 
The average colony diameter was used as the index of bacteriostasis. 
Colony counts per culture are also given in the table. 

The effect of 3 concentrations of each drug was studied for each 
strain. With one exception readings were made at or near the 
24-hour period. The results are given in Table I. 

It will be noted that even on the weight basis sulfathiazol com- 
pares favorably with sulfanilamide in inhibiting the growth of both 
strains studied. Sulfamethylthiazol is somewhat less effective. 

When used in sufficient concentration to cause marked bacterio- 
stasis, both drugs inhibit the development of the normal diffuse 
periphery usually seen around colonies growing in this medium. 
The periphery may be completely inhibited or it may be composed 
of a loose net of long, heavy chains of streptococci which are never 
seen in the controls. This influence on the periphery has been 
described previously for sulfanilamide in this medium by King, 
Henschel and Green. 4 Others have noted the formation of such 
chains in fluid media. 

Sulfamethylthiazol is less effective than sulfathiazol in inhibit- 
ing the development of the normal diffuse periphery. 

Strains which we have studied previously have usually not shown 
a significant decrease in the number of colonies when growing in 
tissue culture clots containing sulfanilamide. In the highest con- 


TABLE I. 

Action of Sulfanilamide (S), Sulfathiazol (ST), and Sulfamethylthiazol (SMT) 
on Two Strains of Beta Streptococci ; 22-24 Hours Except as Noted. 


Drug cone. mg% 50 


10 


1 



No. Cols. 

Diam. 

No. Cols. 

\ 

Diam. 

No. Cols. 

Diam. 



Strain C203. 




Control 

44.2 

60.8 

40.7 

38.7 

23.1 

45.1 

S 

5.2 

5.G 

20.2 

20.9 

1S.G 

42.3 

ST 

2.5 

5.6 

22.2 

15.6 

23.5 

49.2 

SMT 

16.2 

11,6 

31.0 

24.8 

20.2 

49.0 



Strain No. 40. 




Control 

24.7 

77.7 

84.2 

73.4* 

53.6 

85.4 

S 

14.5 

9.4 

85.2 

22.8 

52.3 

57.2 

ST 

6.2 

5,8 

89.3 

19.7 

53.6 

72.0 

SMT 

8.0 

8.4 

92.3 

26.6 

50.6 

83.4 


10 mg% cone, read at 48 houra. 
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Bacteriostatic Effect of Sulfathiazol and Sulfamethylthiazol for 
Beta Hemolytic Streptococci in Tissue Culture Clots * 

Joseph T. King and Austin F. Henschel. 

Trom the Department of Physiology, University of Minnesota, Minneapolis. 

The bacteriostatic effect of 2(para-amino-benzene-sulfonamido) 
thiazol (sulfathiazol) and 2( para-amino-benzene-sulfonamido) 
4-methvltiiiazol (sulfamethvlthiazol) lias been compared with that 
of sulfanilamide. Two strains of beta streptococci have been used, 
C 203 and No. 40. Strain C 203 has been used in many studies 
reported in the literature. Strain No. 40 is a Lancefield group C of 
human origin which has been studied extensively in this laboratory. 

The Maximow culture technic was used. Details have been 
described previously. 1-1 A culture consists of one drop of heparin- 
ized rabbit plasma and 3 drops of rabbit serum extract of 7-day 
chick embryos. 

The extract was inoculated with a culture of streptococci grown 
in the serum extract described above to which 5 r /c of rabbit erythro- 
cytes were added. Cultures are grown only until hemolysis occurs. 
For strain No. 40 this requires 3-5 hours and somewhat longer for 
C 203. Dilution of the bacterial culture was made rapidly through 
Tvrode into the extract to make a final dilution of 10 _r '. The 
inoculated extract was then divided into 4 equal portions and equal 
volumes of the designated drug added to each of the experimental 
tubes and the same volume of Tvrode to the control. 

A 400 mg % stock solution of each drug was sterilized by Berke- 
feld filtration through a filter used only for that drug. Solutions 
were kept in the ice box. 

Due to the limited solubility of tiie thiazol derivatives these were 
used as the sodium salts. 

* Aided by grants from the Medical Research Fund, Graduate School, the Uni- 
versity of Minnesota, and the Department of Medical Research, the Winthrop 
Chemical Co., Inc. All drugs supplied by the Winthrop Chemical Co., Inc. As- 
sistance in the preparation of these materials was furnished by the personnel of 
the Work Projects Administration, official project No. C5-1-71-140, sub-project 
No. 23”, and by the National Youth Administration. 

1 King, J. T.. Arch. f. Exp. Zellforscli., 1930, 0, 341. 

2 King, .1. T., Arch. f. Exp. Zellforscli., 1931, 10, 4G7. 

3 King, J. T., Arch. f. Exp. Zellforscli., 1937, 20, 208. 

4 King, J. T-, Henschel, A. F., and Green, B. S., J. Am. Med. Assn., 1939, 113, 
1704. 
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pH determinations done with the glass electrode show that, in 
the amounts used, the change in pH caused by addition of the sodium 
salts is small. 

Cultures were incubated at 37.5 C. 

Readings were made at magnification of 60X with a standardized 
ocular micrometer using a mechanical stage (114 units = 1 mm). 
The average colony diameter was used as the index of bacteriostasis. 
Colony counts per culture are also given in the table. 

The effect of 3 concentrations of each drug was studied for each 
strain. With one exception readings were made at or near the 
24-hour period. The results are given in Table I. 

It will be noted that even on the weight basis sulfathiazol com- 
pares favorably with sulfanilamide in inhibiting the growth of both 
strains studied. Sulfamethylthiazol is somewhat less effective. 

When used in sufficient concentration to cause marked bacterio- 
stasis, both drugs inhibit the development of the normal diffuse 
periphery usually seen around colonies growing in this medium. 
The periphery may be completely inhibited or it may be composed 
of a loose net of long, heavy chains of streptococci which are never 
seen in the controls. This influence on the periphery has been 
described previously for sulfanilamide in this medium by King, 
Henschel and Green. 4 Others have noted the formation of such 
chains in fluid media. 

Sulfamethylthiazol is less effective than sulfathiazol in inhibit- 
ing the development of the normal diffuse periphery. 

Strains which we have studied previously have usually not shown 
a significant decrease in the number of colonies when growing in 
tissue culture clots containing sulfanilamide. In the highest con- 


TABLE I. 

Action of Sulfanilamide (S), Sulfathiazol (ST), and Sulfamethylthiazol (SMT) 
on Two Strains of Beta Streptococci; 22-24 Hours Except as Noted. 


Drug cone. mg% 

50 


10 


1 



No. Cols. 

Diam. 

No. Cols. 

Diam. 

r 

No. Cols. 

Diam. 

Control 


44.2 

Strain C203. 
C0.8 40.7 

38.7 

23.1 

45.1 

S 


5.2 

5.6 

20.2 

20.9 

IS. 6 

42.3 

ST 


2.5 

5.G 

22.2 

15.6 

23.5 

49.2 

SMT 


1G.2 

11.0 

31.0 

24.8 

20.2 

49.0 

Control 


24.7 

Strain No. 40. 
77.7 84.2 

73.4* 

53.6 

85.4 

S 


14.5 

9.4 

85.2 

22.8 

52.3 

57.2 

ST 


6.2 

5.8 

89.3 

19.7 

53.6 

72.0 

SMT 


8.0 

8.4 

92.3 

26.6 

50.6 

83.4 


30 mg7o cone, read at 48 hours. 
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centralion of the drugs used in this study, strain No. 40 did show a 
decrease in colony count at 24 hours. By 48 hours, however, the 
counts had increased to 22.5 in cultures containing sulfanilamide, 
20.5 in sulfathiazol and 21.7 in sulfamethylthiazol (controls 24.7). 

Strain C 203, which we are using for the first time, shows a 
decrease in colony count at 24 hours not only in the 50 mg% con- 
centration hut also in 10 mg%. Furthermore, the count in the 
10 mg% concentration had increased to only 32.7 in sulfanilamide, 
31.0 in sulfathiazol and 38.7 in sulfamethylthiazol at 72 hours 
(control 40.7). In the 50 mg concentration there was no significant 
increase in average number of colonies per culture at 5 days. Some 
of the few colonics which were present continued to grow very 
slowly, however. This strain is definitely more susceptible in this 
respect than strains which we have studied previously. 

Due to differences in method of assay and drug-organism com- 
binations. it is difficult at this time to compare the results of it i intro 
tests. It is now generally realized that the medium used and the 
size of the inoculum markedly influence the results obtained. 

Lawrence'’ found sulfathiazol and sulfamethylthiazol superior to 
sulfanilamide in their bacteriostatic effect against group A hemolytic 
streptococci. Long and Bliss fi found sulfathiazol to be as effective 
as sulfanilamide against a number of organisms including group A 
streptococci. 

Sinutiurry. Under the experimental conditions employed sulfa- 
thiazol is as effective a bacteriostatic agent against the strains of 
beta hemolytic streptococci tested as is sulfanilamide. Sulfamethyl- 
thiazol is somewhat less effective. 

5 Lawrence, C. A., Pitoc. For. Bxi*. Biol. AND Med., 3010, 43, 02. 

o Long, P. II., and Bliss, E. A., Pnoc. Soc. Exr. Biol, and Med., 1040, 43, 324. 
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Growth of Bacteria in Media Containing Colchicine. 

A. W. Walker and Guy P. Youmans. 

From the Department of Bacteriology, Northwestern University Medical School, 

Chicago, III. 

Colchicine is toxic for plant and animal cells, and seems to be 
specifically a mitotic poison, preventing normal division of the 
chromosomes and thus causing mutation. 1 True bacterial cells 
differ from the cells of the higher plants and animals, in that so far 
as is known they do not contain chromosomes or well defined 
nuclei. 

If the above statements are true then we might expect that 
colchicine would have either no effect or a different effect on bacterial 
cells than on the cells of the higher plants. 

This work was designed to study the effect of colchicine on several 
different types and species of bacteria with respect to the character 
of growth, colony characteristics, cell morphology, biochemical 
reactions, and acceleration or inhibition of multiplication of the 
organisms. 

Methods. A 4% solution of colchicine in plain meat infusion 
broth was sterilized by filtration through a Berkefeld N filter. This 
solution of colchicine was then diluted with broth to the desired 
concentrations. All media used were adjusted to pH 7.2. 

Serial Transfers in Plain Broth and Colchicine Broth. One 
standard 4-mm loopful of a 24-hour broth culture of Staphylococcus 
H was inoculated into 5 cc of a 2 % colchicine broth and into the 
same amount of plain broth. A culture of B. typhosus 109 was 
inoculated in the same manner. All cultures were incubated at 
37°C. Serial transfers were made daily into fresh media of the 
same kind (colchicine into colchicine, and plain broth into plain 
broth) for 12 days and ever}' 48 hours thereafter until a total period 
of 22 days had elapsed. 

At the time of each transfer subcultures were made on plain agar 
plates in order to observe colony morphology and also smears made 
and stained by Gram’s method. On the 8th and 16th transfer all 
the cultures were inoculated into various carbohydrate media, milk 
and gelatin for observations of their biochemical reactions. 

Old Cultures. Cultures of Staphylococcus aureus H and B. 

1 Nebel, B. B., and Buttle, M. L., J. Heredity, 1938, 29, 2. 
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typhosus 109 were made in 2% colchicine and plain broth as before 
hut instead of serial transfers the original cultures were incubated 
at 37°C for 22 days during which time subcultures were made every 
4 days and treated in the same manner as described above. 

Serial Transfers on Plain and Colchicine Agar. Plain agar and 
2% colchicine agar plates were inoculated with a 24-hour broth 
culture of Staphylococcus aureus H and B. typhosus 109 in such a 
manner as to obtain isolated colonies. After 48 hours’ incubation 
single colonies were picked and re-streaked on fresh plates. The 
colonies from the colchicine agar plates were streaked on colchicine 
agar and also on plain agar plates, and the colonies from the plain 
agar plates were streaked on plain agar and also on colchicine agar 
plates. These transfers were made every 4S hours oxer a total 
period of 22 days. Smears were made of the colonies and stained 
by Gram’s method. 

Other Organisms. A second scries of colchicine broth tidies was 
inoculated using in this scries varying concentrations of colchicine 
(2%, 1 c /r, 0.50% and 0.25%). The organisms used were Staphy- 
lococcus aureus 103S, Staphylococcus aureus L, Streptococcus 
hcmolyticus, M. catarrhalis and B. megatherium. Control tubes of 
plain broth were inoculated at the same time. Incubation was at 
37°C for 22 days with the following observation at 48-hour intervals 
for the first 6 days and at 4-day intervals thereafter. Subcultures 
were made on plain agar plates for observations of colonies, smears 
made and stained by Gram’s for morphology, and inoculation into 
various carbohydrate media, gelatin and milk to note changes, if an}', 
in cultural reactions Comparison was made of the amount of 
growth in the colchicine broth with that in plain broth controls as 
an indication of any inhibiting or accelerating action of the col- 
chicine on the growth of the organism. 

Results. The type of growth of Stapylococcus aureus H in 2% 
colchicine broth was markedly different, being a coarse granular 
growth which settled out rapidly, in contrast to the diffuse turbid 
growth of the plain broth controls. On 2% colchicine agar the 
colonies were wrinkled, waxy, and of a peculiar greenish-yellow 
•' color. The cell morphology in the colchicine broth and agar differed 
from the controls in that the organisms were larger and arranged in 
tetrads and had the appearance of a stained preparation of sarcinse. 
These changes in growth, colony and cell morphology occurred on 
the first transfer to media containing colchicine and could be obtained 
only when grown in the presence of colchicine. On transfer to 
plain media the organisms immediately reverted to normal. 
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There was no change in the biochemical reactions. All the other 
organisms used, including 2 other strains of Staphylococcus, showed 
no variation from normal when grown in the presence of colchicine. 
The growth of Streptococcus hemolyticus was inhibited by 1% of 
colchicine; 0.50% and 0.25% had no apparent effect. There was 
marked but not complete inhibition of growth of M. catarrhalis in 
2% colchicine, some inhibition in 1% but none in 0.50% and 
0.25%. The staphylococci and B. megatherium ■ grew equally well 
in all concentrations of colchicine used. There was no evidence of 
any stimulating effect on the growth of any of the organisms. 

Blakeslee 2 says that colchicine affects only the cell division of the 
chlorophyl-bearing plants and that the fungi including the bacteria 
are not affected. Jennison 3 could detect no change in the rate of repro- 
duction or colony morphology of bacteria in the presence of col- 
chicine. With the exception of one strain of Staphylococcus which 
showed a temporary variation in cell and colony morphology when 
grown in the presence of colchicine, our results are in accord with 
these observations but further indicate that colchicine does not affect 
the cell metabolism of bacteria. 
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The Liver and Endogenous Androgens.* 

M. W. Burrill and R. R. Greene. (Introduced by A. C. Ivy.) 

From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago. 

It is well known that most androgens and estrogens are either 
inactive when administered orally, or are less potent than when 
administered subcutaneously. In the case of the estrogens, experi- 
mental evidence has been offered to explain this phenomenon. All 
workers agree that the lack of effectiveness with oral administration 
is due to inactivation of estrogens in the liver. When natural 
estrogens are incubated in vitro with liver, 1 - 2 their potency is lost. 

2 Blakeslee, A. F., Science, 1939, 81), 10. 

3 Jennison, M. W., J. Bad., 1940, 39, 20. 

* Supported in part by a grant from the Josiah Macy, Jr., Foundation. 

1 Zondek, B., Shand. Arch. f. Phys., 1934, 70, 133. 

2 Heller, C. G., Bndocrin., 1940, 20, 619. 
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When ovaries are implanted intra-mescnterically so that the venous 
drainage is through the liver, the animal manifests changes charac- 
teristic of castration but, when the same ovary is later regrafted 
into the axillary region, the castration effects disappear. 3 Talbot 4 
showed that impairment of liver function by CCh apparently 
increased the concentration of endogenous estrogen in the blood 
stream as evidenced bv increase in uterine weight. 

Concerning the possible inactivation of androgens bv the liver, 
only two reports have been offered. Biskind and Mark 3 showed that 
pellets of testosterone propionate arc ineffectual when implanted 
into the intact spleen, but not when implanted into the spleen after 
the original blood supply of this organ has been altered. This indi- 
cates that inactivation of the testosterone propionate occurs only 
when it passes from the site of absorption directly through the 
portal system. Biskind/ 5 by the same type of experiment, showed 
that methyl testosterone is also inactivated when it passes first 
through the portal system. In view of the known oral effectiveness 
of methyl testosterone, in contrast to all other androgens, it seems 
probable that this substance is removed from the gastro-intestinal 
tract by some route other than the portal system. 

The present report is concerned with the possible role of the liver 
in the inactivation of testicular androgens. The transplantation 
method devised by Golden and Scvringhaus was used. 

Twenty-five males, 20 to 23 days old, were castrated and, in each 
case, one-half of a testis was sutured into the gastro-splenic mesen- 
tery. At the same time 21 males of the same age were castrated 
and one-half a testis was implanted subcutaneously into the groin 
of each. 

One or two months after implantation the surviving animals were 
killed. In each case the size and appearance of the penis was noted, 
the general character and vascular relationships of the implant were 
established, and the ventral prostates and seminal vesicles were 
removed and weighed. In some of the animals the thymus was also 
weighed. It was thought that the thymus might present an additional 
check for the presence or absence of androgens, inasmuch as thymic 
hvpertrophy after castration has been mentioned in the literature. 

TGoldcn, .Tune B., and Sevringliaus, E. L., Pnoc. Soc. Exp. Biol, and Med., 
1038, SO, 3G1. 

•t Talbot, N. B., Ewloerin., 1939, 25, 001. 

r, Biskind, G. R., and Mark, .Teronic, Bull. Johns Hopkins Hospital, 1939, 05, 219. 

c Biskind’ G. R., Pnoc. Soc. Exp. Biol, and Med., 1940, 48, 259. 
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Part of the graft tissue from each animal was preserved in Bouin s 
fluid. 

With a few exceptions, the findings were fairly uniform. In 
almost all cases the implanted tissue appeared to be fairly healthy, 
seminiferous tubules were visible under the dissecting microscope. 
In the intra-mesenteric location, the grafted tissue was usually 
spread out over a considerable area, closely associated with the 
pancreas, so that the tubules in these grafts were somewhat more 
dispersed than in the subcutaneous grafts. 

The animals with intra-mesenteric implants gave no evidence of 
androgenic stimulation. The penis was small, poorly developed 
and barely evertable ; the prostates and seminal vesicles were small 
and atrophic in appearance. The animals with subcutaneous im- 
plants, however, showed some degree of androgenic stimulation in 
that the penis was generally normal in size and structure and the 
prostates and seminal vesicles were well above the castrate level in 
weight. 

The weight findings in those animals having healthy implants are 
recorded in Table I. In the first set of experiments, the number of 
animals was small, therefore no attempt at statistical analysis was 
made. In the second set of experiments the prostate and seminal 
vesicle weights of the subcutaneous group were significantly larger 
than those of the intra-mesenteric group. The thymus weights 
were not significantly different. 

The implants from all animals were sectioned and examined 
microscopical Iy. In most cases the implanted tissue appeared to be 
well established and well vascularized. Regions of lymphocytic 

TABLE I. 

Prostate and Seminal Vesicle Weights in R ats •with Testicular Implants, 

No! 

Situation survived No. with Avg Avg Avg Avg 

of No. to healthy body prost. S.V. thymus 

implants operated autopsy implants wt wt <; wt 0 wt e 

Operated at 22-23 days of age. Implants resident for 2 months. 

Intra- 

mesen. 10 7 5 213 4.92 5.93 

Subcut. 10 4 4 187 29.37 29.37 

Operated at 20 days of age. Implants resident for 1 month. 

Intra- 

mesen. 15 13 12 140 5.2G 0.29 7.03 0.20 509.0 31.9 

Subeut. 11 11 10 142 23.77 4.19 17.85 2.89 433.9 45.0 


rx derived by the formula 





Significant difference > 3V + (tm)- 
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infiltration and fibrosis were observed. The seminiferous tubules 
which were found in all healthy implants resembled those of experi- 
mental cryptorchid testes in that generally Sertoli cells alone were 
present, although occasional!}' a few spermatogonia were observed. 
Interstitial cells were present in all implants. The number of inter- 
stitial cells varied from a few scattered cells between the tubules to 
fairly large areas of densely packed cells. The latter condition may 
be regarded as true interstitial cell hypertrophy. Generally the grafts 
which were in situ for 2 months exhibited better development of 
interstitial cells than those which were only one month old. 

One fact has been shown by these experiments. If viable testicu- 
lar tissue is situated so that its venous drainage passes directly 
through the liver, there is no evidence of androgenic stimulation 
or maintenance in the accessory structures. If, however, the testicu- 
lar tissue is located so that it is associated with the peripheral circu- 
lation, there is some androgenic activity registered in the accessories. 
The conclusion that the liver is responsible for the lack of andro- 
genic effect in the case of the intra-mesenteric grafts is valid only 
if it can be shown that the graft tissue in this location is actually 
producing androgens. Jeffries 7 and others have shown that testes 
rendered cryptorchid continue to produce androgens, in normal or 
nearly normal amounts, for a considerable period, even when the 
germinal elements are completely degenerate. In the grafted tissues 
from the animals reported here, interstitial cells were present and, 
in some cases, hypertrophied. This finding cannot be regarded as 
absolute proof of secretory function in the grafted tissue, but is 
strongly indicative of such function. 

Summary. When testicular tissue was implanted into the imma- 
ture rat so that its venous drainage passed through the liver, there 
was a lack of androgenic stimulation evident in the castrate condi- 
tion of the penis, prostate and seminal vesicles after a period of one 
to 2 months. When the testicular tissue was implanted subcutane- 
ously, some androgenic effect on the penis and accessories was 
obtained. Interstitial cells in varying numbers were present in all 
grafts. This finding indicates probable endocrine function by the 
implanted tissue. It is tentatively concluded that the lack of andro- 
genic stimulation in animals with intra-mesenteric implants of tes- 
ticular tissue is due to inactivation of testicular androgens by the 
liver. This is in agreement with similar experiments using im- 
planted crystals of testosterone propionate and methyl testosterone/' 0 

7 Jeffries M. E., Anot. Sec., 1931, 48, 131. 
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C. A. Johnson and G. E. W'akerun. 

From the Deportments of Physiological Chemistry and Physiology. College of 
Medicine of the University of Illinois, Chicago. 


In some earlier experiments on renin tachyphylaxis in the dog.* it 
was occasionally noticed that when an animal had become tolerant to 
dog renin is would still give a pressor response to the injection of 
rabbit renin. This observation, in the light of increasing evidence to 
support the protein-like character of renin, suggested the possibility' 
of a species difference in this pressor substance as extracted from 
the renal cortex of these animals. • Consequently, the idea occurred 
to us that a study of the immune responses to renin may furnish a 
new experimental approach to elucidate further its nature and prop- 
erties Even if renin is a hormone, as has been suggested, it may 
still produce recognizable immune or antihormone responses equally 
valuable for our immediate purpose. 1 

This report is concerned with the preparation and properties of an 
antiserum produced in rabbits injected with pressor active extracts 
of the renal cortex of the dog. A preliminary observation on the 
pressor negating effect of serum from a dog receiving injections of 
hog renin is also recorded 

The method used for the extraction of renin was essentially that 
described by Grossman. 3 Dry. powdered, cortical residue, left after 
alcohol or acetone extraction, was used as crude material from which 
extracts of the pressor active principle were made. These (extracts) 
were further purified to remove much of the associated protein. 
About 30 cc of this partially purified extract was mixed with an equal 
volume of colloidal aluminum hydroxide. The colloidal aluminum 
hydroxide with the proteins, including renin, adsorbed on it was 
concentrated to half the volume by centrifuging and this gelatinous 
mixture injected intramuscularly into one rabbit."* At the end of 2 
or 3 weeks the rabbits were bled to ascertain the presence of anti- 
bodies in the serum. If antibodies in appreciable titer were present 

* This work was aided by a grant from the Graduate School Research Fund of 
the University of Illinois. 

iWakerlin, G. E., and Johnson. C. A., Proc. Am. Phys. Soc.. 1940, p. 192. 

- Collip, J. B„ Ann. Int. Med.. 1934. 8. 10. 

3 Grossman. E. B.. Peoc. Soc. Exp. Biol, and Med.. 193S. 39, 40. 

1 Hektoen, L., and Welker, W. H.. J. Infect. Dis.. 1933, 53. 309. 
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the animal was bled to death and the antiserum preserved in the 
refrigerator. If a low titer serum was found several intravenous 
injections of the original extract were given to augment its titer. 
Immunization may also be accomplished by the more common method 
of injecting the soluble antigen (renin) intravenously in increasing 
amounts at 3-day intervals. 

Since the antigen used was a mixture of renin, kidney protein (s), 
and serum proteins (especially pseudoglobulin), precipitins for the 
last were demonstrable in the antiserum. Precipitins for dog serum 
pseudoglobulin in the antiserum could be removed by 'itr vitro ad- 
sorption without affecting the renin antibody. To demonstrate the i 
presence of an antibody for renin we had_ to depend on the bioassay j 
of mixtures of the antiserum and renin. ‘ Such assays were always^ 
controlled in the same animal by a' similar dose of renin mixed with 
normal rabbit scrum. After a number of attempts to determine the 
optimum quantity relationship between antiserum and renin we 
routinely mixed 2 volumes of antiserum with one volume of renin 
and allowed these mixtures to remain at 4°C at least overnight. 

Dogs were used for all assays. The femoral artery was can- 
nulated under light ether or local (procaine) anesthesia and the 
blood pressure recorded with a mercury manometer. Some of the 
dogs were also subjected to bilateral nephrectomy. After recovery 
from these operative procedures, the animal was given an initial 
dose of renin intravenously, usually equivalent to one-half gram of 



Fio. 1 . 


Doc 7 kg, male, bilaterally neplireetomized. 1 Initial close (2 cc) of dog renin 
■ iected 2 two ec dog renin mixed with four ec noimal rabbit serum, 3 two ec, log 
min mixed with four ce antiserum for dog renin, 4 lepeat of _, •> repeat of 1. 


in 

renin 




Antiserum: for Renin 2/y 

kidney per kilo of body weight, to establish the degree of pressor re- 
sponse. When the blood pressure had again assumed its original 
level a control dose of renin mixed with normal rabbit serum was 
injected. Figs. 1 and 2 illustrate results which are typical of those 
obtained by the assay of antiserum from 4 rabbits on a total oi 15 


Dog, 8 kg, female, not nephrectomized. 1 One part (2 «c) dog renin mixed with 
two parts normal rabbit scram, 2 one part dog renin mixed with two parts anti- 
serum for dog renin, 3 repeat of I. 
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i’iG. 3. 

Dog, 20 kg, male, not nephrectomized. 1 One part {5 ec) rabbit renin mixed 
with two parts normal rabbit serum, 2 one part rabbit renin mixed with two parts 
antiserum for dog renin, 3 repent of 1. 
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In 4 dogs we observed the effect of the injection of mixtures of 
rabbit renin and the antiserums for dog renin just described. The 
neutralizing effect of these antiserums on the pressor response to 
rabbit renin was distinctly less than it was for dog renin, as illus- 
trated by Fig. 3. These results suggest a partial antigenic similarity 
between dog and rabbit renins although further work is necessary 
to prove this point conclusively. 

Since pituitrin has a pressor effect similar to renin on the peripheral 
vascular bed it was of interest to determine whether the antiserum 
had any effect on the pressor response to pituitrin. Comparing in- 
jections 4 and 5 in Fig. 4, it is apparent that the mixing of pituitrin 
and antiserum did not change the character or degree of response to 
this agent as determined on 2 dogs. 

In connection with another phase of our study of renin we had 
occasion to examine the serum of a dog which bad received daily 
intramuscular injections of hog renin in a dosage of one gram of 
kidney equivalent per kilo for a period of 12 weeks. When serum 
from this dog was mixed with hog renin and injected into 3 assay 
dogs, a decidedly diminished response was observed (Fig. 5). No 
precipitins for hog scrum proteins were demonstrable in this anti- 
serum. 

The neutralizing substance for renin demonstrated by these re- 
sults may prove useful in throwing light on the question of whether 
renin is the pathogenetic agent in experimental renal ischemic hyper- 
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Fig. 5 . 

Dog, 7 kg, male, not lieplirectomized. 1 One part (2 ee) hog renin mixed with 
two parts normal dog serum, 2 one part hog renin mixed with two parts serum from 
dog which had received injections of hog renin, 3 repeat 1. 

tension. Speculating further, such an “antirenin” may conceivably 
have therapeutic value, when passively administered or actively 
produced in experimental renal ischemic hypertension. Experiments 
aimed at elucidating these possibilities, as well as a study of the im- 
mune responses to renins of other species, are now in progress. 

Conclusions. 1 . The rabbit is able to produce an antiserum which 
counteracts the pressor effect of dog renin. 2. The antiserum for 
dog renin appears to diminish the pressor response to rabbit renin. 

3. This antiserum has no effect on the pressor action of pituitrin. 

4. The dog appears able to produce an antiserum to hog renin. 5. The 
active principle of the antiserums (antirenin) is most likely a non- 
precipitating antibody or possibly an antihormone. 6. Studies are 
now in progress to determine the value of antirenin in the therapy of 
experimental renal hypertension and also in the elucidation of the 
possible pathogenetic role of renin in this form of hypertension. 


282 


11430 

Tissue Culture Growth Stimulants from Ground Frozen-Dried 

Chick Embryos. 

Duncan C. Hetherixgtox and Jane Staxi.ey Craig. (Intro- 
duced by F. H. Swett.) 

From the I)r par I nun I of Anatomy, Dulc University School of Medicine, 
Durham, X. C. 


It has been demonstrated 1 that frozen-dried plasma and similarly 
treated embryo juice used in combination, after solution in distilled 
water, form an adequate and satisfactory medium for the growth of 
tissue cultures. Further experimentation with such preparations has 
brought forth evidence that a much more potent embryo juice could 
be secured if the embryos themselves were ground and frozen-dried 
before extraction. 


Eleven-day chick embryos were removed from their shells and 
membranes and reduced to a gray, grumous mass with sea sand in 
a Ten Broeck grinder. The material was pipetted off and allowed to 
stand in a container for a short while to permit the larger particles of 
grit to settle. Later the ground substance was introduced into pyrex 
ampoules, frozen-dried and sealed in vacuo by means of a Lyophile 8 
apparatus. All manipulations were carried out aseptically. 

The dried matter at first was crusty but could be reduced to a 
powder by forcibly shaking or by tapping the containers. The am- 
poules were stored at room temperature for 14 months before any 
tests were instituted. A preliminary series of cultures was made with 
embryo juice prepared by steeping a portion of the dried powder 
in Ringer-Tyrodc's solution in an ice box prior to centrifuging. The 
cultures grew so exuberantly that it was decided to test statistically 
the growth-promoting effect of this extract on cultures of embryo 
chick heart. 

By calculation from fresh embryos dried to constant weight in an 
oven 70 mg of dry powder were equivalent to one gram of fresh 
embryo. This figure was only approximately accurate since there 
was no simple way of determining how much sand and glass dust 
might have been retained in the powder. However, 20% embryo 
juice was made by adding 70 mg of powder for each 5 cc of Ringer- 
Tvrode’s solution. The mixture was agitated gently, steeped for 


1 Hctlierington, Duncan 0., and Craig, Jane Stanley, Proc. Sop. Exp. Biol, and 

Med** 1939* 42, 831. ^ 

2 Flossdorf, Earl W., and JIndd, Stuart, J. Immunol., 1935, 29, 389. 
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Tissue Culture Growth Stimulants from Ground Frozen-Dried 

Chick Embryos. 

Duncan C. Hetherington and Jane Stanley Craig. (Intro- 
duced by F. H. Swett.) 

From the Department of Anatomy, DuVc University School of Medicine, 

Durham, X. C. 


It has been demonstrated 1 that frozen-dried plasma and similarly 
treated embryo juice used in combination, after solution in distilled 
water, form an adequate and satisfactory medium for the growth of 
tissue cultures. Further experimentation with such preparations has 
brought forth evidence that a much more potent embryo juice could 
be secured if the embryos themselves were ground and frozen-dried 
before extraction. 

Eleven-day chick embryos were removed from their shells and 
membranes and reduced to a gray, grumous mass with sea sand in 
a Ten Broeck grinder. The material was pipetted off and allowed to 
stand in a container for a short while to permit the larger particles of 
grit to settle. Later the ground substance was introduced into pyrex 
ampoules, frozen-dried and sealed in vacuo by means of a Lyophile" 
apparatus. All manipulations were carried out aseptically. 

The dried matter at first was crusty but could be reduced to a 
powder by forcibly shaking or by tapping the containers. The am- 
poules were stored at room temperature for 14 months before any 
tests were instituted. A preliminary series of cultures was made with 
embryo juice prepared by steeping a portion of the dried powder 
in Ringer-Tvrode's solution in an ice box prior to centrifuging. The 
cultures grew so exuberantly that it was decided to test statistically 
the growth-promoting effect of this extract on cultures of embryo 
chick heart. 

By calculation from fresh embryos dried to constant weight in an 
oven. 70 mg of dry powder were equivalent to one gram of fresh 
embryo. This figure was only approximately accurate since there 
was no simple way of determining how much sand and glass dust 
might have been retained in the powder. However, 20% embryo 
juice was made by adding 70 mg of powder for each 5 cc of Ringer- 
Tyrode's solution. The mixture was agitated gently, steeped for 

l Hetherington, Duncan 0., and Craig, Jane Stanley, Pnoc. Soe. Exp. Biol, and 


Med., 1939, 42, 831. 

2 Flossitorf, Earl W., and Mudd, Stuart, 


J. Immunol., 1935, 29, 


389. 
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growth increase in the experimental series, indicating rather con- 
clusively the greater potency of the embryo-juice. Furthermore, 
careful microscopic examination of the living cells indicated that 
those in the test series did not develop fat droplets as readily as the 
controls and at all times appeared in better condition. 

Fowler 3 in a series of titrations of embryo juices upon chick heart 
fibroblasts concluded that best growth was obtained from utilizing 
extracts from 11- to 14-day whole embryos since during that growth 
period greater morphological and physiological changes took place 
within the developing animal — attributed possibly to endocrine pro- 
duction. 

The potency of embryo juice prepared by the present method may 
be ascribed to increased accessibility of the cell contents to extraction 
and solution by the Ringer-Tyrode’s saline. The preliminary grind- 
ing reduced the tissues to smaller particles than could be accom- 
plished by mere mincing and the subsequent freezing* and drying 
disrupted most of the cells. In consequence many more substances 
from all parts of the embryo went into solution, probably in an 
undenatured condition. 2 ’ 4 

The experiment reported has shown that a very excellent embryo 
juice may be prepared from ground frozen-dried chick embryos. The 
dried powder retained its potency for 14 months and frozen-dried 
embryo juice derived from it was extremely active after 3 months’ 
additional storage. There seems hence to be no reason why such 
products as frozen-dried embryo powder and frozen-dried plasma 
could not be used to considerable advantage in tissue culture labora- 
tories. 

3 Fowler, Ona M., J. Exp. Zool., 193T, 76, 235. 

* Neutral red spreads made from tissues of chick embiyos frozen to — 70°C 
and then thawed rapidly at 37°C showed that very few of the cells remained intact. 
The nuclei alone appeared to be unbroken. 

4 Elser, William J., Thomas, Ruth A., and Steffin, Gustav I., J. Immunol., 1935, 
28, 433. 
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24 hours in an ice-box and centrifuged. The resultant slightly pink, 
opalescent fluid was removed and delivered in 1 cc quantities into 
ampoules and frozen-dried. Again aseptic technic was employed 
throughout. After 3 months storage this frozen-dried embryo juice 
made from the frozen-dried embryos was tested for growth-pro- 
moting properties. Two series of tissue cultures were planted from 
11-day chick embryo hearts. At any one planting the same heart 
was used for both the experimental and the control cultures. The 
former were planted in equal parts of the new type embryo juice 
and frozen-dried plasma (stored for 6 months) ; while the latter were 
similarly treated except that 20% juice from fresh 11-day embryos 
was employed. 

Delineascope and planimeter records were kept of the areas of the 
original explants; thereafter for 8 days, the total area of each culture 
was measured at 24-hour intervals. The results obtained from 90 
cultures in each series of the experiment appear in Table I and 
Graph 1. From these it will be seen that there was a significant 
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growth increase in the experimental series, indicating rather con- 
clusively the greater potency of the embryo-juice. Furthermore, 
careful microscopic examination of the living cells indicated that 
those in the test series did not develop fat droplets as readily as the 
controls and at all times appeared in better condition. 

Fowler 3 in a series of titrations of embryo juices upon chick heart 
fibroblasts concluded that best growth was obtained from utilizing 
extracts from 1 1- to 14-da}' whole embryos since during that growth 
period greater morphological and physiological changes took place 
within the developing animal — attributed possibly to endocrine pro- 
duction. 

The potency of embryo juice prepared by the present method may 
be ascribed to increased accessibility of the cell contents to extraction 
and solution by the Ringer-Tyrode’s saline. The preliminary grind- 
ing reduced the tissues to smaller particles than could be accom- 
plished by mere mincing and the subsequent freezing* and drying 
disrupted most of the cells. In consequence many more substances 
from all parts of the embryo went into solution, probably in an 
undenatured condition. 5 ' * 

The experiment reported has shown that a very excellent embryo 
juice may be prepared from ground frozen-dried chick embryos. The 
dried powder retained its potency for 14 mouths and frozen-dried 
embryo juice derived from it was extremely active after 3 months’ 
additional storage. There seems hence to be no reason why such 
products as frozen-dried embryo powder and frozen-dried plasma 
could not be used to considerable advantage in tissue culture labora- 
tories. 

3 Fowler, Ona M., J. Exp. Zool., 1937, 76, 235. 

* Neutral red spreads made from tissues of chick embryos frozen to — 70°C 
and then thawed rapidly at 37°C showed that very few of the cells remained intact. 
The nuclei alone appeared to be unbroken. 

t Elser, William J., Thomas, Ruth A., and Steffin, Gustav I., <7. Inmmwl., 1935, 
28, 433. 
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Behavior of Pigment Cells from Cultures of Neural Crest When - 
Grafted Back into the Embryo. * 

Frances Dorris. (Introduced by R. G. Harrison.) 

From the Osborn Znoloyienl Laboratory, Yale University. 

Neural crest taken from chick embryos in early somite stages 
produces large numbers of pigment cells both in vitro 2 and in grafts 
to the limb buds of ‘older host embryos, the melanophores later ap- 
'pearing in the dermis and feathers of the hosts. 2 This work has 
been corroborated by Eastlick, 3 who transplanted limb buds with 
or without the neural crest, and found that the appearance of pig- 
ment was correlated with the presence of the neural component in 
the grafts. 

The earlier cultures were short time cover slip preparations de- 
signed to test the capacity for differentiation of the tissue explanted. 

In view of the complex prospective potency of the neural crest in the 
embryo, it seemed advisable to attempt to develop pure cell strains 
in order to study the behavior of these cells under controlled condi- 
tions. For the past year, explants of early somite neural crest from 
colored breeds have been grown in small culture flasks in a standard 
medium of plasma and embryonic extract, according to the technic 
developed by Carrel and his associates. Such cultures grow rapidly 
during the first week in vitro, soon producing a ring of dark brown 
or black cells. Growth then continues at a slower rate, and strains of 
cells are produced which are uniform in appearance and behavior, 
being composed of typical branched melanophores which spread out 
upon the clot or become aggregated in clumps. 

Cells from these cultures have been grafted to embryos of another 
breed than that of the donor, a single culture furnishing enough 
tissue to graft to as many'' as 30 host embryos, without entirely ex- 
hausting the original strain. When a graft is inserted into the 
limb bud of a white host (which is subsequently observed through a 
transparent window in the shell), the ectoderm heals over the tissue, 

* This researcli was supported by a grant from the Rockefeller Foundation to 
Tale University for work in experimental embryology under the direction of 
Professor Ross G. Harrison. 

l Dorris, F., ProC. Soc. Exp. Biol, and Med., 1936, 34, 44S; Soux Areh., 193S, 

13S 323, 

e Dorris, F., A net. See., 1938, 70, pi; Exp. Zool., 193P, 80, 319. 

n Eastlick, H. L„ Colleciiny Net, 1938, 13, 151; Genetics, 1939, 24, 98; Anal. 

Sec., 1939 a., 73, Suppl. 2, 61; A. Exp. Zool., 1939 b., 82, 131. 
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which is still clearly visible as a dark mass below the surface. During 
the first 2 days, migration of melanophores from the graft occurs, 
and these are finally found in the dermis, epidermis, and developing 
feathers of the femoral tract in host embryos fixed at the 12th to 
15th day of incubation. A total of 145 grafts have been made, the 
tissue being furnished by pure strain cultures of differentiated 
melanophores obtained from the neural crest of Australorp em- 
bryos (a Black Orpington breed), the hosts being White Leghorn or 
Rhode Island Red embryos ranging in age from 3 to 5 days of incu- 
bation. The work, which is being extended to include other breeds 
of fowl, will be reported fully elsewhere. 

Two points brought out by these experiments are of special in- 
terest. One is the maintenance in grafts, of the slow growth rate 
established in vitro. In striking contrast to the behavior of neural 
crest grafted directly from the embryo, which produces pigmented 
areas covering the whole leg, shank, and foot, as well as parts of the 
dorsal and ventral trunk regions, neural crest melanophores from cul- 
, tures formed patches of pigment identical in appearance, but very 
much smaller in extent, never involving even the greater part of the 
femoral feather tract. Even more interesting is the fact that these 
cells, although transplanted into an environment composed of em- 
bryonic tissues physiologically younger, and thus forming what has 
been described as an “embryonic field", are apparently unaffected, 
and continue to reproduce as pigmented cells, behaving in a manner 
quite similar to that seen in vitro. This stability of both differ- 
entiation and growth rate in the formed tissue, is in striking con- 
trast to the extreme lability of the embryonic region from which 
the cells were originally derived. 
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Behavior of Pigment Cells from Cultures of Neural Crest When 
Grafted Back into the Embryo/ 

Frances Dorris. (Introduced by R. G. Harrison.) 

From the O shorn Zoological Laboratory, Yale University. 

Neural crest taken from chick embryos in early somite stages 
produces large numbers of pigment cells both in vitro / and in grafts 
to the limb buds of'older host embryos, the melanophores later ap- 
- pearing in the dermis and feathers of the hosts. 2 This work has 
been corroborated by Eastlick, 3 who transplanted limb buds with 
or without the neural crest, and found that the appearance of pig- 
ment was correlated with the presence of the neural component in 
the grafts. 

The earlier cultures were short time cover slip preparations de- 
signed to test the capacity for differentiation of the tissue explanted. 
In view of the complex prospective potency of the neural crest in the 
embryo, it seemed advisable to attempt to develop pure cell strains 
in order to study the behavior of these cells under controlled condi- 
tions. For the past year, explants of early somite neural crest from 
colored breeds have been grown in small culture flasks in a standard 
medium of plasma and embryonic extract, according to the technic 
developed by Carrel and his associates. Such cultures grow rapidly 
during the first week in vitro, soon producing a ring of dark brown 
or black cells. Growth then continues at a slower rate, and strains of 
cells are produced which are uniform in appearance and behavior, 
being composed of typical branched melanophores which spread out 
upon the clot or become aggregated in clumps. 

Cells from these cultures have been grafted to embryos of another 
breed than that of the donor, a single culture furnishing enough 
tissue to graft to as many as 30 host embryos, without entirely ex- 
hausting the original strain. When a graft is inserted into the 
limb bud of a white host (which is subsequently observed through a 
transparent window in the shell), the ectoderm heals over the tissue, 

* Tl»is research was supported by a grant from the Rockefeller Foundation to 
Yale University for work in experimental embryology under the direction of 
Professor Ross G. Harrison. 

1 Dorris, F., Proc. Soo. Exp. Biol, and Med., 193G, 34, 44S; Jtonx Arch., 1938, 
138, 323. 

2 Dorris, F„ Anal. lire., 1938, 70, 91; J. Exp. Zool., 1939, 80, 315. 

nEastlick, H. L„ Collecting Net, 1938, 13, 151; Genetics, 1939, 34, 98; A nut. 

J!ec., 1939 a., 73, Suppl. 2, G4; J. Exp. Zool., 1939 b., 82, 131. 
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1 mg O.T. All 7 died within 12 to 37 days after infection and 
showed extensive parenchymatous tuberculosis with' caseation. It 
was interesting to note that 5 of these guinea pigs had miliary tuber- 
culosis of the kidneys, a condition not encountered with subcutaneous 
or intraabdominal infection. 

Albino Rats: All of these rats were negative to intracutaneous 
doses of 1 mg O.T., and tolerated 500 mg of O.T., injected subcu- 
taneously, without noticeable symptoms. At necropsy, 46 days after 
infection, 3 of 4 animals showed a sparse scattering of tubercles in 
the lungs, and some suspicious areas in the spleen. No other mac- 
roscopic evidence of tuberculosis was found. The 3 remaining ani- 
mals were sacrificed 65 days after infection, subsequent to unsuc- 
cessful attempts at shocking them with 1 g O.T. These rats showed 
the same scant tuberculous involvement as those sacrificed earlier. 

Cotton Rats: All of the cotton rats reacted negatively to the in- 
tracutaneous injection of 1 mg O.T. 2 weeks after infection. All 4 
animals which had been sacrificed at 46 days showed miliary tuber- 
culosis of the lungs, spleen, and lymph glands. One cotton rat had 
miliary tuberculosis of the liver, and 3 showed tubercles in the kid- 
neys. In all 4 cotton rats definite tissue-destruction and caseation 
was observed at the site of infection. 

Of the 3 surviving animals, one died 65 days after infection, and 
showed extensive tuberculosis in the lungs, liver, and kidneys. The 

2 remaining cotton rats were given 250 mg O.T. subcutaneously at 
the same time. One died the following day with no evidence of 
tuberculin shock. The other cotton rat showed no symptoms. It 
was then injected subcutaneously with 500 mg O.T. No evidence 
of tuberculin-intoxication was observed during the next 24 hours. 
The same animal was then injected intraabdominally with 1 g O.T. 
Within 5 minutes after injection, the animal became restless and 
dyspneic, and died within 40 minutes. At necropsy, there was 
serous fluid in the thoracic and abdominal cavities, and focal hem- 
orrhages were found about the tubercles in the various organs. Both 
of the last 2 cotton rats showed miliary tuberculosis of the lungs, 
liver, spleen, glands, and kidneys. 

Histopathology : Histological study of the tissues confirmed and 
further emphasized the differences found at autopsy. The tubercles 
in the cotton rat are predominantly epithelioid in type, some showing 
caseation, but no giant cells were observed. In most sections the 
tubercles were conglomerated. Acid-fast bacilli are easily demon- 
strated in the tubercles. A more complete description of the histo- 
pathology will be given in a later communication. 

Summary and Conclusions. A comparative study of the Eastern 
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Experimental Tuberculosis in the Cotton Rat ( Sigmodon hispidus 

littoralis ).*' 

M. Maxim Steinbacii and Charles J. Duca. 

Irotn the Department of ltactrrinlnpy, Collri/c of Physicians nntl Sur [irons, 
Columbia University, Xrir Tori:. 


Armstrong’ was the first to discover that the Eastern cotton rat 
differs from other rodents in that it proved susceptible to the virus 
of poliomyelitis. Similar results were recently obtained by Jungeblut 
and Sanders* with another strain of monkey poliomyelitis virus. 
Since then there has been carried out in this department a systematic 
study of the reaction of cotton rats to other infections and toxic 
agents. It was found that this animal (Sigmodon hispidus litt or- 
alis) resembles the guinea pig in its susceptibility to diphtheritic 
toxin and bacillary’ infection with C. diphtheria? This resemblance 
between the two species was also shown to exist with respect to their 
susceptibility to infection with Trypanosoma cquipcrdimt . 4 It 
seemed of interest to determine how this animal compares with the 
guinea pig and the albino rat in its susceptibility to infection with 
tubercle bacilli. 

Experimental Methods. Seven albino rats (averaging 100 g in 
weight), 7 cotton rats (averaging 80 g), and 7 guinea pigs (aver- 
aging 350 g) were tested intracutaneously with 1 mg O.T. and 
found to be negative. All animals were then infected intravenously 
with 1 mg of bovine tubercle bacilli (Bl). In some instances part 
of the inoculum escaped into the surrounding tissue as evidenced 
by the occurrence of infection of the regional glands. Two weeks 
after infection all animals in the 3 groups were again tested intra- 
cutaneously with 1 mg O.T. Half of the survivors in each group 
were sacrificed for pathological studies 46 days following infection; 
at the end of 2 months the remaining animals were tested for sus- 
ceptibility to tuberculin-shock. 

Results. Guinea Pigs: Six animals which survived longer than 
2 weeks were found to be highly sensitive to intracutaneous doses of 

* Aided by grants from the National Tuberculosis Association and tbe Philip 
Hanson Hiss, Jr., Memorial Fund. 

l Armstrong, C., Pnb. Health Pep., 1939, 34, 1/19. 

a Jungeblut, C. W., and Sanders, M., Proo. Soc. Exp. Biol, and Med., 1940, 
44, in press. 

a Jungeblut, C. W., Proc. Soc. Exp. Biol, and Med., 1940, 43, 4/J. 

4 Culbertson, J. T., J. Parasit., in press. 
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alated, and immediately centrifuged. The plasma was pipetted off and 
the sample kept in the icebox until the analyses could be run. Plasma 
amino acid nitrogen was determined by the ninhydrin-CCb method 
of Van Slyke and Dillon 3 as applied to blood by MacFadyen and 
Van Slyke . 4 Farr and MacFadyen 1 have already pointed out that 



Fia. 1. 

Graphic summary of results of serial plasma amino acid nitrogen determinations 
on G patients with pneumococcal pneumonia. The average normal value for plasma 
amino acid nitrogen is 4.50 mg per 100 cc. The critical value for nephrotic crises 
is 2.5 mg per 100 cc as indicated by the broken line. Note the pronounced hypo- 
aminoacidemia during the acute phase of the disease followed by a rise during 
recovery. Temperature charts are included to briefly summarize the clinical course. 

3 Van Slyke, D. D., and Dillon, B. T., Compt. rend. Lab. Carlsbcrg, 1938, 22. 4S0. 

•» MacFadyen, D. A., and Van Slyke, D. D., in preparation. 
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cotton rat, the aiin'no rat, and the guinea pig suggests that the cotton 
rat occupies a position midway between die other two species regard- 
ing its susceptibility to infection w'th pathogenic bovine tubercle bacil- 
li. It is definitely more susceptible than the naturally resistant albino 
rat but not as highly susceptible as the guinea pig. Like the albino 
rat, the tuberculous cotton rat is insensitive to skin -test doses of 
tuberculin, and tolerates large amounts injected subcutaneously. 
Since the observations on tuberculin shock are based upon findings 
obtained from only one animal, further work is necessary to confirm 
this point. 
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Hypoaminoacidemia in Patients with Pneumococcal Pneumonia. 

Lee E. Fare. Colin M. MacLeod, Palmer H. Futcher, Kendall 
Emerson, George S. Mirick and Edward C. Curnen. 

From Ihc Hospital of the Itocl'cfrUcr Institute for Medical Research, Xcw Tori:. 


The observations by Farr and MacFadyen 1 and Farr 3 on the 
incidence and duration of hypoaminoacidemia in children with the 
nephrotic syndrome have reopened the question of the constancy of 
blood amino acid concentration in other disease states. Because of 
certain clinical similarities between the onset of recovery in pneu- 
mococcal pneumonia and that of children ft'om nephrotic crises, as 
well as the prevalence of pneumococcal infections in nephrotic chil- 
dren, we believed that extension of studies on blood amino acids to 
diseases other than Bright's disease might profitably begin with 
pneumonia. 

Studies of plasma amino acids on all patients admitted to the 
pneumonia service in this hospital have been made. While these are 
not vet completed, the results thus far have been sufficiently striking 
and uniform to warrant reporting them. 

Methods. Blood was drawn from each patient immediately upon 
admission to the hospital and before any therapy was begun. Subse- 
quently, blood was drawn at selected intervals, when possible after an 
overnight fast, otherwise after an interval of at least 4 hours had 
elapsed from the time when the last protein-containing food was 
ffiven. The blood was drawn with care to prevent hemolysis, ox- 

L. E., and MacPadyen, D. A~ -•] m. T.lhs. Child., 1940, oil, 782. 

2 Parr’ L. E., J. Prd., in press. 
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alated, and immediately centrifuged. The plasma was pipetted off and 
the sample kept in the icebox until the analyses could be run. Plasma 
amino acid nitrogen was determined by the ninhydrin-CO- method 
of Van Slyke and Dillon 3 as applied to blood by MacFadyen and 
Van Slyke . 4 Farr and MacFadyen 1 have already pointed out that 
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Fig. 1. 

Graphic summary of results of serial plasma amino acid nitrogen determinations 
on 6 patients with pneumoeoecal pneumonia. The average normal value for plasma 
amino acid nitrogen is 4.50 mg per 100 cc. The critical value for nephrotic erises 
is 2.5 mg per 100 cc as indicated by the broken line. Note the pronounced hypo- 
aminoacidemia during the acute phase of the disease followed by a rise during 
recovery. Temperature charts are included to briefly summarize the clinical course. 

3 Tan Slyke, D. D. y and Dillon, B. T., Compt. rend. Lab. CarUbcrg, 1938, 22. 4SQ, 

4 MacFadyen, D. A., and Van Slyke, D. D., in preparation. 
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even the Van Slyke nitrons acid method'’ may he inadequate to permit 
detection and interpretation of small changes in plasma amino acid 
levels. For this reason the ninhydrin-CO. method was used in this 
study because of its greater specificity. 

Results. The results on 6 patients are summarized graphically in 
Fig. 1. As early as the first day of disease a distinct drop in the 
plasma amino acid nitrogen had occurred. With recovery from the 
pneumonia all patients showed a rise of the plasma amino acid nitro- 
gen to normal levels. Whereas the average concentration of plasma 
amino acid nitrogen in nephrotic children was about 3 mg % which 
decreased to as little as 1.2 mg % during nephrotic crises, 1 ’ 0 the 
lowest value thus far observed in pneumonia patients was 2.17 
mg %. Data at hand indicate the normal average plasma amino 
acid nitrogen to he 4.50 mg per 100 cc with the standard deviation 
rl-0.46. 

All patients in the present series were treated with sulfapvridine. 
Unpublished data indicate that in therapeutic doses this drug has no 
effect upon the plasma amino acid concentration. 

Studies are at present under way in this clinic on the plasma amino 
acid nitrogen concentration in a variety of acute infectious diseases 
and in a few selected metabolic disorders. Until additional data have 
been obtained, the physiological significance of hypoaminoacidemia 
cannot profitably be discussed. 

Summary. Observations on the plasma amino acid nitrogen of 
6 patients with pneumococcal pneumonia are presented. In each in- 
stance during the acute phase of the disease the patient showed a 
plasma amino acid concentration significantly below the average 
normal value. During convalescence there was a gradual rise in the 
concentration of plasma amino acid nitrogen, with a return to a 
normal level on complete recovery from the disease. Present data 
indicate the normal average value to be 4.50 mg per 100 cc. 

S Van Slyke, D. P., J. Biol. Clirm., 1020, S3, 425. 

<• Farr, L. E., .1 »n. J. Vis. Child., lO.tfl. .>8, 
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Squid Melanin: A Naturally Occurring Reversibly Oxidizable 

Pigment/ 

Frank H. J. Figge. 

From the Department of Anatomy, University of Maryland Medical School, Balti- 
more, and the Marine Biological Laboratory, JTooda Bole, Mass. 


It was reported previously that synthetic melanin resulting from 
either the enzymatic oxidation of tyrosine or auto-oxidation of dihy- 
droxyplienylalanine was reversibly oxidizable. 1 It was also found 
that natural melanin was reversibly oxidizable but that the reaction 
was far more sluggish and barely perceptible. This was thought 
to be due to the necessarily low concentrations obtainable and the 
contaminations present in the solutions of natural melanin. 1 

The change in percentage light absorption on reduction of syn- 
thetic melanin was very marked. It was thought that these could 
be duplicated if a source of relatively pure and concentrated natural 
melanin could be found. Such a source was found in the so-called 
ink of the ink-sac of the squid ( Loligo pcalii). The ink is a highly 
concentrated, relatively pure colloidal solution of melanin. The 
particles were so small that they were invisible under the ordinary 
microscope, but visible with dark field illumination. 

The ink was collected by removing the squid from the water with 
a net as carefully as possible to prevent discharge of the ink. The 
mantle was slit immediately with a pair of long scissors. The ink- 
sac was then dissected out without much danger of being discharged. 
Many attempts to anesthetize or immobilize the animal by cooling 
almost always caused the discharge of most of the ink. The ink 
was withdrawn with a syringe or expressed into a vial after the 
sphincter had been removed. The ink collected in this manner was 
extremely concentrated. After diluting with 300 volumes of water, 
an ink solution, approximately 1 cc in thickness, would transmit an 
amount of light that was barely registered by a sensitive photo- 
electric colorimeter. 

For purposes of comparison, a solution of dopa melanin was 
prepared by auto-oxidation in air. The concentrations of the squid 
melanin and the dopa melanin solution were adjusted so that they 

* Aided br a grant from tfie American Association for tlm Advancement of 
Science. 

1 Figge, F. H. J., Proc. Soc. Exp. Biol, and Mei>., 1.03.0, 41, 127. 
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hotli absorbed 90% of the light. Both solutions were then reduced 
with sodium hydrosulphite and the light absorption values again 
determined. The reduced dopa melanin absorbed 66% of the light, 
while the reduced squid melanin absorbed 76% of the light. The 
melanin solutions were then re-oxidized with potassium ferrievanide. 
The re-oxidized dopa melanin absorbed 89% of the light, while the 
re-oxidized squid melanin absorbed 88.5%. This experiment was 
repeated 22 times with ink from 35 squid. The results were always 
uniform. 

It may be seen from the light absorption values that the reversi- 
bility of the oxidation of the natural squid melanin approached that 
of synthetic dopa melanin. The figures indicate that the squid 
melanin was contaminated with some substance that absorbed about 
10% of the light and which was not reversibly oxidizable. This 
substance may have been melanin that had aged in the squid ink-sac 
because even synthetic melanin 6 months old was not reversibly 
oxidizable. 
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Relationship between “Spreading Factor” and Hyaluronidase.’ 

Karl Meyer, Gladys L. Hohry, Eleanor Chaffee, and 
Martin H. Dawson 

From the Department of Ophthalmology, College of Physicians and Surgeons, 
Columbia University, The Institute of Ophthalmology, and the Edward Daniels 
Faulkner Arthritis Clinic Presbyterian Hospital, .Yew York. 


Duran-Revnals 1 demonstrated the presence of an extractable 
factor in certain tissues and bacteria which enhances the invasive- 
ness of some pathogenic agents. This factor has been extensively 
studied by Duran-Revnals and by others. 1 ’ 3 Chain and Duthie 4 
reported that testis extracts containing “spreading factor’’ decrease 
the viscosities of synovial fluid and vitreous humor with the libera- 
tion of reducing substances. They suggested that "spreading factor” 

* This lvork has been supported in part by a grant from the John and Mary 
Mnrkle Foundation. 

1 Duran-Revnals, t\, Compt. rend. Soc. bio!., 1028, 90, (i; J. Exp. Med., 1929, 
50, 327; ibid., 1033, 58, 161; Yale J. Biol. and Med., 1039, 11, 601. 

McCIean, D., J. Path, and Pact., 1930, S3, 1045; ibid., 1936, 42, 477. 

3 Claude, A., J- Exp. Med., 1937, CC, 353; Claude, A., and Durnn-Reynnls, F., 
J. Exp. Med; 1937, 05, 601. 

4 Chain, B., and Duthie, E. S., Mature, 1939, 144, 97/. 
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is probably identical with the “mucinase” which hydrolyzes the 
polysaccharide in these fluids. 

A mucopolysaccharide designated as hyaluronic acid has been 
isolated from vitreous humor, unbilical cord, 0 the mucoid phase of 
Group A hemolytic streptococci,® synovial fluid, 1 fowl sarcoma 8 and 
the pleural fluid of a patient with a mesothelioma. 3 Enzymes which 
hydrolyze hyaluronic acid have been prepared from pneumococci, 
Group A hemolytic streptococci, Cl. welchii, and splenic tissue. 10 
More recently Meyer and Chaffee 11 confirmed the observation of 
Chain and Duthie and demonstrated that testis extracts hydrolyze 
isolated hyaluronic acid as well as the polysaccharide acid of cornea. 
The presence of hyaluronidase in high concentration has also been 
demonstrated in leech extract. 12 

The present study was undertaken to determine more precisely 
the relationship between “spreading factor - ’ and hyaluronidase. The 
spreading capacity of the various preparations was tested by the 
intracutaneous method (using T.1824). 1 The action of hyaluroni- 
dase was tested (1) by the hydrolysis of isolated hyaluronic acid 
and (2) by determining changes in the viscosity of various fluids 
known to contain hyaluronic acid.f 

The presence of hyaluronidase and “spreading factor” was tested 
in preparations from the following sources: pneumococci (Type I 
virulent and avirulent strains, Type II avirulent strain). Group A 
hemolytic streptococci (virulent and avirulent strains in the mucoid 
and rough phases), Cl. welchii. testis, pigskin, leech extract, com- 
mercial hirndine. and certain chemical substances. 

Results. All preparations containing hyaluronidase were found 
to possess spreading properties. In addition hyaluronidase and 
‘spreading factor” were found to possess certain attributes in com- 
mon. The activity of both was weakened by heating at 65°C for 

5 Meyer, K., and Palmer, J. W., J. Biol. Client., 1930. 114, 089. 

s Kendall, P. E., Heidelberger, it., and Dawson, M. H., J. Biol. Client., 1937, 
118, 61. 

7 Meyer, K., Smyth, E. }!., and Dawson. M. H., J. Biol. Client., 1939, 128, 319. 

8 Kabat, E. A., J. Biol. Client., 1939, 130, 143. 

» Meyer, K., and Chaffee, E., J. Biol. Client. 1940, 133, 83. 

io Meyer, K., Hobby. G. L., Chaffee, E., and Dawson, M. H.. .7. Exp. .Veil.. 1940, 
71, 137. 

n Meyer. K., and Chaffee, E., Proc. Sor. Exp. Biol, and Med.. 1940, 43, 4S7. 

1- Claude, A., Proc. Soc. Exp. Biol, and Med., 1940, 43, 084. Unpublished data. 

t The assumption has been made by some investigators that capacity to reduce 
viscosity constitutes a test for the presence of “mucinase.” While it is apparently 
true that hydrolysis and decrease in viscosity are catalyzed by the same agents, it 
is not certain that the two reactions are due to tlie same enzvme. 
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30 minutes and destroyed at 100°C; both were destroyed or mark- 
edly weakened by iodine and, under the experimental conditions, 
neither was reactivated by sodium sulfite. 

The theory that spreading factor and hyaluronidase are identical 
postulates the existence in skin of either hyaluronic acid or a similar 
substrate on which hyaluronidase may act. Recently, in this labora- 
tory, a polysaccharide acid which is hydrolyzed by hyaluronidase 
preparations has been isolated from skin. The nature of this poly- 
saccharide will be described elsewhere. 

The evidence so far presented suggests that spreading factor may 
owe its action to the presence of hyaluronidase. On the other hand, 
certain observations suggest that the two are not identical. 

A number of preparations which possessed marked spreading 
action did not hydrolyze hyaluronic acid nor did they reduce the vis- 
cosity of solutions containing the polysaccharide. Among these 
were several preparations from different strains of Group A hemo- 
lytic streptococci, pigskin, commercial hirudine, arsenious oxide 
and hyaluronic acid.J 

A further possible point of distinction was observed between 
hyaluronidase and “spreading factor.” Antiserum made against 
hyaluronidase prepared from pneumococci specifically and com- 
pletely inhibited the activity of the homologous enzyme but did not 
inhibit the spreading action of the pneumococcal preparations. This 
difference may be due to the combination of pneumococcal hyalu- 
ronidase with the antiserum to form a loose complex which may be 
inactive in vitro but may dissociate to an active form in vivo. It 
should be mentioned, however, that the antiserum to the pneumo- 
coccal enzyme did not inhibit the action of hyaluronidase prepared 
from streptococci nor did it affect the spreading action of such 
preparations. 

Summary. Evidence is presented to show that hyaluronidase and 
“spreading factor” exhibit certain attributes in common. How- 
ever, there is also considerable evidence that “spreading factor” 
does not owe its activity solely to the presence of hyaluronidase. 

It would seem probable that the phenomenon of “spreading" is a 
complex one and that several factors may be involved in its produc- 
tion. Further work is required to explain the mechanism of 
“spreading” in terms of known chemical and physico-chemical re- 
actions. 

j Duran-Rcynalst has also shown that skin contains spreading factor. The 
spreading effect produced by simple chemical substances may be due to the release 
of “spreading factor’’ locally at the site of injection. 
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The Sympathetic Component of the Sciatic Nerve. 

Doxal Sheehax axd Amedeo S. Makrazzi. (Introduced by 
A. J. Goldforb.) 

From the Departments of Anatomy and Pharmacology, A r ew York University 
College of Medicine. 

Our present knowledge of the course of the preganglionic nerve 
fibers is based large!)' on the early experiments of Langley 1 ’* and 
Bayliss and Bradford 3 who used erection of hairs, sweating and 
vascular changes for recording sympathetic activity. These types 
of effector activity do not lend themselves readily to quantitative 
estimation. Moreover sweating and vasomotor changes offer addi- 
tional difficulties in that they are complex responses. Sweating is 
influenced by accompanying vascular changes while vasomotor 
effects in turn are subject to rapid modification by compensatory 
reflexes. 

In the present experiments a direct insight into the kind and 
magnitude of the sympathetic nerve impulses themselves was ob- 
tained by recording the action potentials in the efferent nerves. 
A direct current amplifier, which Marrazzi 4 had found, in record- 
ing action potentials from other parts of the sympathetic system, to 
be especially suitable, was utilized to actuate a Matthews oscillo- 
graph. This technique provides not only a means of tracing the 
pathway of preganglionic fibers to an organ or a limb but enables 
the analysis of an exact point-to-point representation of the sym- 
pathetic component of each ventral root in any peripheral nerve. 

M cthod. In a series of experiments on 19 cats, lightly anesthetized 
with nembutal or sodium amytal the spinal nerve roots from T7 
to L7, inclusive, were severed from the cord, the dorsal root and 
ganglion excised, and the distal cut end of the ventral root stimu- 
lated, after insulation from surrounding tissues, by accurately con- 
trolled shocks from a thyratron stimulator. The activity resulting 
in the sciatic nerve was detected by electrodes placed on the main 
branches of the ipsilateral nerve and connected to the amplifier. 
The B and C waves thus recorded enabled us to map the exact roots 

1 Langley, J. X., J. Physiol., 1S91, 12, 347. 

2 Langley, J. N., J. Physiol., 1894-95, 17, 29G. 

3 Bayliss, W. M., and Bradford, J. R., J. Physiol., IS94, 1C, 10. 

4 Marrazzi, A. S., J. Pliarm. and Exp. Thrrap., 1939, Co, 18. 
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through which sympathetic fibers passed to the lower limb via the 
sciatic nerve. Since all slowly conducting fibers are not exclusively 
autonomic, the possibility that some of the B and C waves might have 
originated elsewhere was considered and excluded by the fact that 
the intravenous injection of nicotine, which in the doses given acts 
at autonomic ganglia without affecting postganglionic nerve trunks, 
was effective in blocking the previously recorded impulses. 

Usually 3 or 4 roots were stimulated in each experiment. By 
separation of the medial and lateral popliteal nerves and recording 
from each in turn, while repeating the stimulus to the ventral roots, 
the sympathetic component of each division of the sciatic nerve was 
determined. Similarly, by recording from the contralateral sciatic, 
data were obtained on the extent of extraspinal crossed pathways 
between the sympathetic chains. 

Results. Nicotine injected intravenously in doses producing a 
ganglionic block abolished both the B and C waves appearing after 
stimulating LI, L2 and L3. Nicotine has not yet been utilized in 
the experiments in which the other roots have been stimulated. The 
results show that in the cat the preganglionic outflow to the lower 
limb via the sciatic nerve emerges constantly from the spinal cord 
bv the ventral roots as high as Til and as low as L4, and that the 
roots giving the greatest contribution arc T13-L3 (inclusive) of 
which LI and L2 invariably gave a response. Til rarely con- 
tributes and T12 and L4 only occasionally of the animals). 

From the positive roots B and C waves or C waves alone were 
recorded. The C waves appeared in all cases except in 2 where the 
animal was in poor condition. In these apparently only the fibers of 
lower threshold responded giving B waves alone. Similarly, in 
several experiments, not tabulated because the records were taken 
immediately after cessation of the circulation, again B waves only 
were obtained. 

Recording from the medial and lateral popliteal divisions of the 
sciatic nerve separately gave the same result as recording from the 
combined nerve. No responses from the contralateral sciatic nerve 
were ever obtained, if care was taken to avoid spread of current. 
Crossed pathways, between the sympathetic chains, of fibers des- 
tined for the opposite sciatic nerve have therefore not been demon- 
strated. 

The results agree with Langley’s 1,2 analysis of outflow of secretory 
fibers to the hind limb of the cat, made from naked-eye observations 
of sweating on the foot pads during ventral root stimulation. In 
dogs Bavliss and Bradford 3 used the plethysmographic method of 
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recording changes in volume in the lower limb during spinal root 
stimulation, and found vasoconstrictor fibers to the lower extremity 
emerging in T1 1-L2 (inclusive) and to a lesser extent in L3. Ought- 
erson, Harvey and Richter 5 indicate by recording the temperature 
changes in the lower limb of dogs after interrupting the vasomotor 
pathways by transection of the spinal cord, that vasoconstrictor 
fibers to the lower extremity may emerge below L6. Derom'‘ would 
limit the vasomotor fibers to the first 3 lumbar nerves in the dog. on 
the grounds that section of the rami communicantes of these roots 
abolishes all vasomotor reflexes in the lower extremity. 

The existence of B as well as C waves, amongst the responses that 
were shown to be autonomic by their disappearance after nicotine, 
is of considerable interest. The presence of B fibers in the sym- 
pathetic outflow to the limb has not hitherto been clearly indicated, 
though Erlanger" speaks of some “inconstant results” in cats and 
dogs. Such fibers imply the possibility of control over effectors 
differing in function and distinct from those supplied by fibers of the 
C group. The number of B and C fibers contributed by each root 
would then determine the possible extent of its control over the 
various types of sympathetic response. 
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A Difference in Effect of Distilled Water and of Isotonic Solu- 
tions in Intestine on Pancreatic Secretion. 

J. O. Crider axd J. Earl Thomas 

From the Department of Physiology, Jefferson Medical College of Philadelphia. 

1 he fact that water in the intestine stimulates the external secre- 
tory function of the pancreas was first demonstrated by Damaskin 
in Pavlov’s laboratory 1 2 ’ " and later by Babkin 3 ’ 4 and Bylina. 5 In the 

5 Oughterson, A. W., Harvey, S. C., and Richter. H. G., J. Clin. Imcst., 1932, 
11, 10C5. 

0 Derom, E., Mem. dc l ’Acad. Soy. de Med. de Belg., 1938, 23. 1. 

* Erlanger, J., in Erlanger, J., and Gasser, H. S., Electrical Signs of Xenons 
Activity, Philadelphia, University of Pennsylvania Press, 1937, p. 67. 

1 Pavlov, I. P., Die Arbeit der rerdauungsdrusen, Weisbaden, 1S9S. 

2 Pavlo\, I. P., The TTorfc of the Digestive Glands, London, 1910, p. 144. 

3 Babkin, B. P., Arch. d. Sci. Biol., 1904, 11, Xo. 3 (Reference from Babkin-*). 

■> Babkin, B. P., Die aussere Schrctmn dcr rerdauungsdrusen, Berlin, 1914. 
•’Bvlina, A. S., Pratt. Arzt, (russ) 1911, Xo. 44 49 (Reference from Babkin*). 
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Efi-ixt Puke Water and Isotonic Solutions 


course of an investigation of the effects on pancreatic secretion of 
various organic buffer mixtures in the intestine (results to be pub- 
lished elsewhere), we found that many neutral, isotonic, watery 
solutions were ineffective. The reason for this apparent conflict in 
results provides the material for the present report. 

The dogs used in these experiments were provided with gastric and 
duodenal fistulas fitted with large cannulas lumen). The duo- 





. 1 1 I ■! 


FlG. 1 - 

Fffpot of injecting 00 ce of distilled water (middle record) into the intestine 
^nmnired with the effect of an equal amount of 0.0% NaCl solution (upper and 
lower* r ec o r d s ) given 25 min before and 25 min after the water. A drop recorder 
wns used which delivered 17 drops per ec. Time is m 30 sec intei i a s. 
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denal fistula was placed opposite the point of entrance of the main 
pancreatic duct into the duodenum. The pancreatic juice was col- 
lected by means of a funnel shaped rubber cup, which was held 
against the duodenal wall surrounding the papilla by means of a 
suitable spring device. Further details of the method will he given 
in the report referred to above. 

W ater and various solutions were either injected into the upper 
small intestine in 20, 40, or 60 cc amounts through a tube passed 
via the duodenal cannula or perfused through the intestinal lumen 
by means of a pump delivering approximately 15 cc per minute. 

Distilled water injected into or perfused through the intestine 
caused a brief but rapid flow of pancreatic juice. Various isotonic 
solutions, c.g., 0.9% NaCl and 5% glucose had no such effect, 
except when given after an injection of distilled water, when a 
doubtfully positive result was frequently observed (Fig. 1). 

Evidently the pancreatic secretagogue action of water is in some 
way related to hypotonicitv and is not exhibited by the water 
present in isotonic solutions. This fact has an important bearing 
on the interpretation of experimental data obtained with watery 
solutions. Instead of concluding, as at present, that a substance in 
solution is inert if it lias the same effect on the pancreas as an equal 
amount of pure water, we must regard it as an active stimulus if it 
is effective in isotonic solution. 

These observations do not necessarily apply to water or solutions 
that have passed through the stomach where they may become mixed 
with HC1 or, possibly, other pancreatic secretagogues. 

Conclusion. Although pure water in the intestine causes pan- 
creatic secretion, isotonic solutions of inert substances in water 
do not. 
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Ovarian Transplantations in the House Mouse. 

G. G. Robertson. (Introduced by J. S. Nicholas.) 

From Osborn Zoological Laboratory, Yale University, New Tlavcn, Conn. 

There have been many attempts to obtain offspring from homo- 
plastic transplants of ovaries in vertebrates. Of these attempts, the 
most important are those of Magnus 1 on rabbits, Guthrie 2 on hens, 
and Castle and Phillips 8-5 on guinea pigs and rabbits. The results 
of Magnus and Guthrie are uncertain, however, due to the possi- 
bility of the regeneration®’ 1 of host ovarian tissue. Castle and 
Phillips grafted ovaries into 141 guinea pigs which differed from 
the donors in a single genetic character, and. of these, 3 produced 
young having the genetic characters of the donor animals. The 
present work deals with the results obtained from ovarian trans- 
plantations in the house mouse. 

Three groups of experiments were carried out on mice 6-8 weeks 
old. These arc: Group I. A single ovary was transplanted from an 
animal of one inbred line into an animal of a different inbred line. 
Group II. A single ovary was transplanted from an animal of an 
inbred line into an animal differing in a single genetic character but 
belonging to the same inbred strain as the donor animal. Group III. 
As in Group II but in which the remaining host ovary was com- 
pletely removed. 

The transplantations were carried out as follows: The ovary of 
the host animal was exposed by a dorso-lateral incision in the 
abdominal body wall. A small incision was made in the ovarian 
capsule as far distant from the Fallopian tube as possible, and the 
ovary removed. The donor ovary was then pushed through the 
slit into the host ovarian capsule. No sutures were needed except 
for closing the incision in the abdominal wall. 

Group I. Ovaries from yellow and agouti mice of an inbred line 
were grafted into 36 female albino mice of 2 different inbred lines. 

1 Magnus, V., Norsk Mag. for Largcvitlcnsk., 1907, 5R, o, 1057. 

2 Guthrie, C. C., J. Exp. Zoo}., 1907-08, 5, 505. 

3 Castle, W. E,, and Phillips, J. C., Science, X. S., 1909, 30, 312. 

1 Castle, W. E., and Phillips, J. C., Carnegie Institution of Washington, 1911, 
Publ. No. 144. 

5 Castle, W. E., and Phillips, .T. C„ Science, N. S., 1913, 38, 783. 

e Davenport, C. B., J. Exp. Zool., 1925, 42, 1. 

7 Haterius, H. 0., Physiol. Zool., 1928, 1, 45. 
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The host albino females were test mated with albino males and all 
of the offspring obtained were albino, indicating that none ot the 
ovarian grafts were successful. This is in agreement with the work 
on tissue transplantation by Loeb s and Loeb and Wright 9 on normal 
tissues of guinea pigs, and by Loeb and King 10 on normal tissues of 
rats. They found that tissues transplanted between 2 different 
inbred lines almost invariably degenerate, and few. if any. success- 
ful grafts are obtained. 

Group II. Ovaries from yellow mice were transplanted into 
agouti litter mates in 11 cases. The yellow allele is dominant to the 
recessive agouti allele and there should be some yellow offspring re- 
sulting from the mating of the host agouti females to agouti males 
if the ovarian grafts are successful. However, all of the 30 young 
obtained in the resulting 5 litters were agouti, showing that the 
grafts were again unsuccessful. 

Group III. Successful ovarian grafts were obtained, however, 
when one agouti host ovary was completely removed, and. a week to 
10 days later, an ovary from a yellow litter mate was grafted into 
the opposite side of the agouti host. Thus, the agouti host con- 
tained one ovary from a yellow litter mate and neither of its own 
ovaries. Eight such operations have been completed. Of these S 
agouti females 4 have given no litters (indicating either sterility or 
failure of the graft to take ). and four have given a total of 9 vellow 
and 9 agouti offspring after matings with agouti males. These 
transplantations were successful, and the young produced are accord- 
ing to genetic expectation. Thus: 

A r a y' aa 

l 

agouti host agouti test 

with yellow male 

ovary 

'' 

1 A T a : 1 aa 

In second matings, in which the 4 agouti females containing the 
successful ovarian grafts were mated with yellow males ( for 
genetic purposes). 3 of the 4 animals have given a total of 8 yellow 
and 3 agouti offspring. This also is according to genetic expectation, 
showing that the transplanted ovaries have continued to function. 
In all of the litter-bearing females in this group the ovarian graft was 

s Loeb. L„ PhU'tol. Per.. 1930. 10. 54'. 

9 Loeb. L.. and Wright. S.. Am. J. Pathol.. 1927. 3, 231. 

1" Loeb. L.. and King. H. D.. .4 n. .V at.. 1935. GO. 3. 
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successful, and the remainder of the experimental females gave no 
litters. This shows that there was no regeneration of functional 
host ovarian tissue. In the animals of Group II, however, the grafts 
were unsuccessful in all 5 of the females which gave litters. This, 
according to the results in Group III, is not due to regeneration of 
host ovarian tissue at the site of the operation, but is probably due 
to a physiological block between the host ovary of one side and the 
grafted ovary, since such a high percentage of successful grafts are 
obtained when the remaining ovary is completely removed. Thus, 
it seems evident that the presence in the host of one of its own 
ovaries changes some reaction which is necessary for graft main- 
tenance. 

Since the host agouti females of Group III were first mated ap- 
proximately 10-15 days after the operations, and since 3 have given 
second litters, it is quite certain that the ovulations in the success- 
fully grafted ovaries were not due simply to the mechanical stimula- 
tion of fire operation. Additional experiments of this type are 
being done at the present time, and it is hoped that the high per- 
centage of successful ovarian grafts can be equalled or increased. 
This type of operation should be of importance ns an aid to the 
solution of problems in developmental genetics of mammals. 
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Effect of Anterior Chordotomy on Essential Hypertension. 
Olan R. Hyndman, Julius Wolkin and \V, D. Paul. 

From the Department of Surgery, Xatro Surgical Service, and Department of 
Interna l ilethcmc, State University of fowa College of 3Ieilicii\c, Iowa City, Iowa. 

Within the past 10 years there have been many reports concerning 
the surgical treatment of essentia! hypertension. 1 * 2 The methods 
used both in experimental animals and in man may be classified into 
4 different groups : 3 ( 1 ) Interrupting sympathetic outflow by cut- 

ting anterior nerve roots from T„ to L;, 4 (2) dividing the splanchnic 
and the sympathetic chain above the diaphragm, 5 (3) dividing the 

1 Braden, S., and Kahn, E. A., Yale J. Biol. Med., 1939, 11, ‘149. 

2 Craig, IV. M., Surgery, 193S, 4, 502. 

3 Aseroft, P. E», Lancet, 1939, 2, 113. 

4 Pago, I. H., and Honor, G. J., Am. J. Med. Sc., 1937, 103, 820. 
r, Preyberg, R. H., and Poet, M. M., J. Chn. Imc.st., 1937, 1<5, 49. 
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splanchnic nerves and the lumbar sympathetic chain below the 
diaphragm, 0 and (4) removing the coeliac ganglion,' 

These various methods, however, have proved to be only par- 
tially successful, and this has stimulated us to attempt a new ap- 
proach to the surgical treatment of essential hypertension. Gold- 
blatt’s s ingenious experiments on dogs have shown that total sympa- 
thectomy of the thorax and abdomen, and even pithing, have had no 
effects on the type of experimental hypertension he produced. Based 
on the consideration that various forms of sympathectomy may re- 
duce the blood pressure of patients with essential hypertension, but 
that these results were often disappointing, it was at first the inten- 
tion of one of us (O.H.) to effect a more complete sympathectomy 
by partially sectioning the autonomic tracts in the cord. We ob- 
served, also, that when routine anterior chordotomy was performed 
for reasons other than hypertension, the operation was usually fol- 
lowed by a prolonged lowering of the blood pressure. Later it was 
found that, as far as the arterial pressure was concerned, a maximum 
result could be attained by beginning the section one to two mm 
anterior to the dentate ligament and carrying it to the anterior median 
fissure, thus interrupting the anterior and anterolateral columns of 
the cord. Bilateral sections are made because unilateral sections were 
found to have little effect on the arterial pressure. It has been found 
that the optimal location for the section is at the 8th cervical segment. 

In women with essential hypertension, chordotomy has been almost 
uniformly followed by a reduction of blood pressure to the normal 
figure for 4 to 6 months, after which it tends to return to a higher 
level, but only occasionally to the preoperative level. Moreover, this 
operation has not necessarily produced a disturbance in sweating. 
Most of the subjects on whom this operation has been performed 
have had advanced hypertension, with subjective symptoms, and all 
of them have been greatly benefited. Our results in the few male 
patients so treated have not been as successful as the females. The 
few male patients whom we have subjected to this operation had more 
advanced changes in the vascular tree than the females so that the 
difference in sex was probably not the determining factor. 

The authors fee! that a dual mechanism (central neurogenic, and 
peripheral) is probably involved in essential hypertension, and that 
chordotomy possibly eliminates the central neurogenic factor. Work 
is being carried out with the idea of proving or disproving this 

0 Alien, E. V., and Adson, A. W, Am. Heart J„ 1937, 14, 415. 

7 Crile, G., Ann. Svrp., 1938, 107, 909. 

q Goldblatt, H., Surpery, 1938, 4, 483. 
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successful, and the remainder of the experimental females gave no 
litters. This shows that there was no regeneration of functional 
host ovarian tissue. In the animals of Group II, however, the grafts 
were unsuccessful in all 5 of the females which gave litters. This, 
according to the results in Group III, is not due to regeneration of 
host ovarian tissue at the site of the operation, but is probably due 
to a physiological block between the host ovary of one side and the 
grafted ovary, since such a high percentage of successful grafts are 
obtained when the remaining ovary is completely removed. Thus, 
it seems evident that the presence in the host of one of its own 
ovaries changes some reaction which is necessary for graft main- 
tenance. 

Since the host agouti females of Group III were first mated ap- 
proximately 10-15 days after the operations, and since 3 have given 
second litters, it is quite certain that the ovulations in the success- 
fully grafted ovaries were not due simply to the mechanical stimula- 
tion of the operation. Additional experiments of this type are 
being done at the present time, and it is hoped that the high per- 
centage of successful ovarian grafts can be equalled or increased. 
This type of operation should be of importance as an aid to the 
solution of problems in developmental genetics of mammals. 
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Effect of Anterior Chordotomy on Essential Hypertension. 
Olan R. Hynoman, Julius Wolkin and \V. D. Paul. 

From the Department of Surgery, .Yonro Surgical Service , and Department of 
Internal Medicine, State V nicer situ of loica College of Medicine, Ioira City, Iowa. 


Within the past 10 years there have been many reports concerning 
the surgical treatment of essential hypertension. ’• 3 The methods 
used both in experimental animals and in man may be classified into 
4 different groups: 3 (1) Interrupting sympathetic outflow by cut- 
ting anterior nerve roots from T,, to L;, 4 (2) dividing the splanchnic 
and the sympathetic chain above the diaphragm, 5 (3) dividing the 


1 Braden, S., and Kalin, E. A., Yale J. Biol. Med., 3939, It, 449. 

2 Craig, W. M., Surgery, 1938, 4, 302. 
a Ascroft, P. B., Lancet , 1939, 2, 113. 

4 p„„ e J H and Heucr, G. .T„ Am. J. Med. Sc., 1937, 103, 820. 
a Freybcr K , I!. II., and Pcct, it. M., J. Clin. Invest., 1937, 10, 49. 
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splanchnic nerves and the lumbar sympathetic chain below the 
diaphragm. 6 and (4') removing the coeliac ganglion-’ 

These various methods, however, have proved to be only par- 
tiallv successful, and tills has stimulated us to attempt a new ap- 
proach to the surgical treatment of essential hypertension. Gold- 
blattV ingenious experiments on dogs have shown that total sympa- 
thectomy of the thorax and abdomen, and even pithing, have had no 
effects on the type of experimental hypertension he produced. Based 
on the consideration that various forms or sympathectomy may re- 
duce the blood pressure of patients with essential hypertension, but 
that these results were often disappointing, it was at first the inten- 
tion of one of us (O.HA to effect a more complete sympathectomy 
by partially sectioning the autonomic tracts in the cord. \\ e ob- 
served. also, that when routine anterior chordotomy was performed 
for reasons other than hypertension, the operation was usually fol- 
lowed by a prolonged lowering of the blood pressure. Later it was 
round that, as tar as tire arterial pressure was concerned, a maximum 
result could be attained by beginning tire section one to two mm 
anterior to the dentate ligament and earning it to tire anterior median 
fissure, thus interrupting the anterior and anterolateral columns of 
the cord. Bilateral sections are made because unilateral sections were 
found to have little effect on the arterial pressure. It has been found 
that the optimal location for the section is at the 8th cerv ical segment. 

In women with essential hypertension, chordotomy has been almost 
uniformly followed by a reduction of blood pressure to the normal 
figure for 4 to 6 months, after which it tends to return to a higher 
level, but only occasionally to the preoperative level. Moreover, this 
operation has not necessarily produced a disturbance in sweating. 
Most of the subjects on whom this operation has been performed 
have had advanced hypertension, with subjective symptoms, and all 
of them have been greatly benefited. Our results in the few male 
patients so treated have not been as successful as the females. The 
few male patients whom we have subjected to tills operation had more 
advanced changes in the vascular tree than the females so that the 
difference in sex was probably not the determining factor. 

The authors feel that a dual mechanism (central neurogenic, and 
peripheral) is probably involved in essential hypertension, and that 
chordotomy possibly eliminates the central neurogenic factor. Work 
is being carried out with the idea of proring or disproving this 

0 Alien. E. V„ and Adson. A. W„ An. Heart J.. 1937. 1-1, 413. 

7 Crile. G.. Jrn. 5i/r< 7 .. 193S. 107. 909. 

* Gotdldatt. H.« 5i*rc»'ry. 193S. 4. 4$3. 
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successful, anti the remainder of the experimental females gave no 
litters. This shows that there was no regeneration of functional 
host ovarian tissue. In the animals of Group II, however, the grafts 
were unsuccessful in all 5 of the females which gave litters. This, 
according to the results in Group III, is not due to regeneration of 
host ovarian tissue at the site of the operation, but is probably due 
to a physiological block between the host ovary of one side and the 
grafted ovary, since such a high percentage of successful grafts are 
obtained when the remaining ovary is completely removed. Thus, 
it seems evident that the presence in the host of one of its own 
ovaries changes some reaction which is necessary for graft main- 
tenance. 

Since the host agouti females of Group III were first mated ap- 
proximately 10-15 days after the operations, and since 3 have given 
second litters, it is quite certain that the ovulations in the success- 
fully grafted ovaries were not due simply to the mechanical stimula- 
tion of the operation. Additional experiments of this type are 
being done at the present time, and it is hoped that the high per- 
centage of successful ovarian grafts can be equalled or increased. 
This type of operation should be of importance as an aid to the 
solution of problems in developmental genetics of mammals. 
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Effect of Anterior Ciiordotomy on Essential Hypertension. 
Olan R. Hyndman, Julius Wolkin and W. D. Paul. 

I'rom the Department of Surgery, Xeuro Surgical Service, and Department of 
Internal Medicine, State University of Iowa College of Medicine, Iowa City, Iowa. 

Within the past 10 years there have been many reports concerning 
the surgical treatment of essential hypertension. 1 - " The methods 
used both in experimental animals and in man may be classified into 
4 different groups : 3 ( 1 ) Interrupting sympathetic outflow by cut- 

ting anterior nerve roots from T (i to L : , 4 (2) dividing the splanchnic 
and the sympathetic chain above the diaphragm, 5 (3) dividing the 

1 Br.nlen, S., and Kalin, E. A., Yale J. Biol. Med., 1939, 11, 449. 

2 Craig, IV- M., Surgery, 193S, 4, 502. 

3 Ascroft, P. B., lancet, 1939, 2, 113. 

-j p a ge I II., and Hcucr, G. J., Am. J. Med. Sc., 1937, 193, 820. 

Frcybcrg, R. H, and Pert, II. M., J. Clin. Invest., 1937, 16, 49. 
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TABLE I. 

Reactions with type-specific sera 


r — \ 


Pneumococcal 

strain 

Maximal capsular 
swelling and 
massive agglu- 
tination 

.Slightly sub- 
maximal swell- 
ing and 
moderate to 
massive agglu- 
tination 

Little or no 
capsular swelling 
and moderate 
agglutination 

Hoge* 

29 

10 

20 

Weingart 

29 

20,31 

— 

Thorpe 

29 

10,20 

— . 

Hinman 

24 

7 

20 

Brown 

24 

7 

20 

V? alker 

29 

10,20 

— 


* Englewood Hospital Laboratory, Chicago, kindly furnished the specimen 
from which this strain was obtained. 


ing strains. From these the last 5 listed in Table I were recovered. 
There is reason for believing that such strains were present in 2 
other specimens but escaped isolation. 

To ascertain that a mixture of types was not responsible for the 
multiple-type reactions, each of the 6 strains was plated from young 
blood-broth cultures. From each plate well-segregated colonies were 
picked, each colony to a fresh tube of blood broth. This procedure 
was repeated not less than four times with each strain. No change 
in the reactions of any of the strains was produced by this treatment. 

Table II shows the reactions of 4 strains with the sera of 3 prin- 
cipal producers of typing sera. For purposes of comparison and 
control one strain each of types 10, 20, 29, and 31 also was tested. 
These were obtained from one of the producers whose sera were 
included in the study (Manufacturer C). Young cultures in Felton 
broth, formalinized (1.0% commercial formalin) to inhibit autolysis, 
or saline suspensions prepared therefrom, were employed in the 
tests. The saline suspensions were prepared by centrifugalizing the 
cultures and resuspending the sediment in formalinized (1.0%) 
physiological saline, the final turbidity approximating that of tube 
number 8 of a Macfarland nephelometer. One 2 mm loopful of 
bacterial suspension, one 2 mm loopful of Loeffler's methylene blue 
and one 4 mm loopful of serum were mixed in each preparation ex- 
amined under the microscope. 

It is apparent from the second table that although the sera from 
the 3 sources differ somewhat in the scope and degree of their cross- 
reactions they severally substantiate the fact of multiple-type anti- 
genicity in the strains tested. Even the control strains, types 10 and 
20, do not appear to be perfectly specific. However, the reactions of 
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hypothesis, and, if it should be correct, then eliminating the central 
factor would leave only the peripheral (hormone?) mechanism 
which may become more amenable to drug therapy. 

Some physiological effects of anterior chordotomy have been 
discussed." The result of chordotomy on motor function in some 
90 cases will be published in the near future. 


um p 

Occurrence of Strains of Pneumococci Which React With More 
Than One Type-Specific Antipneumococcal Serum. 

George F. Forster and Howard J. Shaughnessy. 

From Ihc Division of Lnborntorirs , Illinois Deportment of Public Health, 

Chicnpo, III. 


Fncttmococci are commonly classed among the best examples of 
bacterial type-specificitv. While cross-reactions frequently occur 
involving types 3 and S and less frequently other types, they have 
usually been considered from the standpoint of the cross-reacting 
antibodies that sometimes develop during immunization rather than 
from the standpoint of the antigenic type-multiplicity which causes 
them. 1 ’ 1 

Several strains of pneumococci that conspicuously violate the 
prevailing conception of tvpe-spccificity have been isolated recently 
in this laboratory. Xeufeld tests with sera of 3 different manufac- 
turers show that each of these strains reacts with at least 3 type- 
specific sera. 

Table I summarizes the reactions of 6 such strains. It will be 
noted that each strain shows somewhat greater capsular swelling 
with one serum (either type 29 or type 24) than with others. How- 
ever, reaction is only slightly less with a second, and in some strains 
■with a third, serum. 

With the exception of the Hogc strain all 6 were isolated from 
4S8 routine specimens submitted to this laboratory for typing be- 
tween February 16 and April 3, 1940. Fifty-nine of these speci- 
mens were reported as containing more than one type of pneumococci, 
and 18 of them examined for the possible presence of multiple-react- 

sTuyndman, 0., and Van Epps, C., Arch. Furr;,, 1939, 38, 103c! 

1 Lyall, H. W., and Odell, H. R., Am. J. Tlyg., 1039, 29 (Sect. B), 103. 

2 Noble, A., anil Cameron, B. C., J. Lab. and Clin. Med., 34, 1. 
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this group of cultures with the 3 sets of sera are close enough to 
strict specificity to furnish further evidence of the multiple-anti- 
genicity of the test-strains. The somewhat discrepant results ob- 
tained with the sera of the 3 manufacturers may have either of two 
explanations: (1) cross-reacting antibodies may have been more 
completely removed from one set of sera (by absorption) than from 
another, or (2) more strictly specific cultures may have been used 
as antigens in the production of one set of sera than in another. 

While measurement by loops, as in the Neufeld test, is not a per- 
fectly quantitative method, the results here cited have been obtained 
so repeatedly and consistently that they leave no room for doubt as 
to their reproducibility. 

From the figures cited above it seems likely that the occurrence of 
these broadly non-specific strains is fairly frequent. Their signifi- 
cance for the prevailing conception of type-specificity is obvious. 
Recognition of their existence creates a number of problems in the 
diagnosis and treatment of pneumonia, some of which are being 
studied further. 
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Isolation of an Unpigmented Skin Reactive Constituent from 
Extracts of Ragweed Pollen by Electrophoresis.* 

If. A. A in/Aj.rso.v, D. II . Moore, H. Gettner, J. Gagarin a no 

L. Jen . vt.vos. 

I'rnm ihr Cnllr pr of FUynirlnnn awl Hurgronn, Columbia IJnlvfrnlly, thf Mount 
Kina! If on pltnl, Xrw York City, awl thf Tlioloplral Lahoratorlrr, Cold H firing 

Harbor, Long Inland. 

In 1938 experiments were undertaken, using a conventional mov- 
ing boundary technique, to separate the fractions and to determine 
the electrical charge of the constituents of giant ragweed pollen 
extracts. At that time it was observed that the pigment* in dialyzed 
ragweed extracts at pll 7.0 were negatively charged. The results 
during that summer and the succeeding winter, however, were con- 
tradictory, became the relation of the pigment* to the biologically 
active constituents was uncertain. 

T liif invi-Oi”:, lion li.-i n n'nhi] hy n grout (rum tin - .lo-jali ,Jr. f 

IViijmlalFifi. 
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Fig. 2. 

To conserve space, these Seblierung or band patteins of tlie constituents of 
extracts of ragweed pollen have been rotated 90° with the top of tlie electro- 
phoresis cell on the left hand side. The US fraction is indicated by the broad 
band in Fig. 2a. For description ot sections b, e, d, see text. 

vancing column of pigmented constituents and shows many bands 
with electrical mobilities closely related to one another but with very 
low concentrations of each. These bands are essentially similar to 
those illustrated in Fig. Ib. 

It has been previously observed by one of us that the skin reactive 
constituents of giant ragweed extract may be introduced by an elec- 
trical field into the skin by either the negative or the positive pole. 
Indeed, it was surprising to observe that the positive pole was more 
efficient than the negative pole with un fractionated dialyzed solutions 
at pH 7.0. The present studies show that there was no positively 
charged component observable by the method in the six dialyzed 
extracts thus far studied. The absence of a positively charged skin 
reactive constituent is evidence in favor of the point of view of 
Abramson and Gorin 4 that diffusion forces primarily account for 
the movement of the skin reactive constituent into the skin during 
the passage of the current. 

Further experimental evidence that the positive pole may transport 
a negatively charged skin reactive constituent was obtained in the 
following way. A sample of the unpigmented active fraction was 
dialyzed for one hour against distilled water to remove phosphate 
buffer. It was then brought by addition of sodium hydroxide to 
pH 7.0. The nitrogen content of this solution was 0.25 mg/cni 1 . 
Using this dialyzed negative!}' charged constituent sufficient rag- 
weed was introduced by electrophoresis from the positive pole for 
3 minutes to produce a severe skin reaction in an individual markedly 
skin-sensitive to ragweed pollen. 

Some idea of the skin reactivity of the unpigmented fraction in 

4 Abramson, H. A., and Gorin, M. H., J. Physical Client., 1939, 43, 3; Abram- 
son, H. A., and Gorin, M. H., Chcrn. Prod., 1940, 3, 37. 
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Using the 1 isolius 1 * cell for the study of the moving boundaries of 
protein solutions and the Philpot-Svenssoir technic to analyze the 
quantity and nature of the constituents, further progress may now be 
reported. Figures la and 1 b arc illustrations of the type of curves 
given bv the major constituent. This major constituent is negatively 
charged, slow moving, unpigmented, and highly skin reactive in 
persons sensitive to ragweed. A minor constituent, about 1/5 that 
of the unpigmented major constituent, appearing in the pigment 
moves approximately 10 times as fast as the unpigmented major one 
in Fig. la. The pigments apparently did not all migrate with the 
minor boundary but also moved towards the positive pole. Fig. lb, 
which also illustrates as a major constituent an unpigmented com- 
ponent has, in addition, several minor constituents migrating towards 
the positive pole. The electric mobility of the unpigmented skin 
reactive constituent is 0.05 n/scc at 1.5 "C. It is of interest to 
note that the electrical mobility of quartz particles in similar rag- 
weed solutions studied by Abramson. Sooknc and Moyer 3 approx- 
imately agrees with this value when temperature corrections for 
viscosity arc made. 

In Fig. 2, the section of the electrophoresis cell labelled (a) shows 
a Schlicrung pattern of the boundary between the unpigmented slow 
moving active constituent and the buffer: section (b) shows a lightly 
pigmented section: section (c) was so highly pigmented that prac- 
tically no light came through: and section (d) contained the ad- 




Fio. lb. 

This curve was obtained from anotbei 
sample of ragweed and illustrates 
again the US fraction as well as four 
minor constituents migrating in or 
with the pigment. 


Fig. la. 

The white area labelled US is the 
I'liilpot-Svensson curve of the imple- 
mented, skin reactive, slow moving con- 
stituent. The minor peak 19 a faster 
moving constituent in the pigment. 


l Tiselius, A., Tinas. Farad. Soe., 1937, S3, 524. 

a Svensson, H., Koll. Z-, 1939, 8", 190. 

a Abramson, II. A., Sooknc, A., and Moyer, b. S., ,T. Allergy, 1939, 1 , 317. 
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Fig. 2. 

To conserve space, these Schlierung or band patterns of the constituents of 
extracts of ragweed pollen have been rotated 90 c with the top of the electro- 
phoresis cell on the left hand side. The US fraction is indicated br the broad 
band in Fig. 2a. For description of sections b. c-, d. see text. 

vancing column of pigmented constituents and shows man}' bands 
with electrical mobilities closely related to one another but with very 
low concentrations of each. These bands are essentially similar to 
those illustrated in Fig. lb. 

It has been previously observed by one of us that the skin reactive 
constituents of giant ragweed extract may be introduced by an elec- 
trical field into the skin by either the negative or the positive pole. 
Indeed, it was surprising to observe that the positive pole was more 
efficient than the negative pole with unfractionated dialyzed solutions 
at pH 7.0. The present studies show that there was no positively 
charged component observable by the method in the six dialyzed 
extracts thus far studied. The absence of a positively charged skin 
reactive constituent is evidence in favor of the point of view of 
Abramson and Gorin 1 that diffusion forces primarily account for 
the movement of the skin reactive constituent into the skin during 
the passage of the current. 

Further experimental evidence that the positive pole may transport 
a negatively charged skin reactive constituent was obtained in the 
following way. A sample of the unpigmented active fraction was 
dialyzed for one hour against distilled water to remove phosphate 
buffer. It was then brought by addition of sodium hydroxide to 
pH 7.0. The nitrogen content of this solution was 0.25 mg 'em 3 . 
Using this dialyzed negatively charged constituent sufficient rag- 
weed was introduced by electrophoresis from the positive pole for 
3 minutes to produce a severe skin reaction in an individual markedly 
skin-sensitive to ragweed pollen. 

Some idea of the skin reactivity of the unpigmented fraction in 

4 Abramson. H. A., and Gorin, XL H„ J. Phytwal CUftn., 1P3P. 43. 3; Abram- 
son, H. A., and Gorin, XL H., Chcm. Prod., 1P40. 3, 37. 
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relation to its nitrogen content is given by the fact that a 1 :1000 
dilution of a solution containing 0.3 nig of nitrogen/cm 3 still retained 
skin reactivity in a ragweed-sensitive case. That is, a solution con- 
taining 0.0003 nig of nitrogen/cm 3 scratched into the skin by the 
usual technic, gave a positive test. 

The skin reactivity of the pigmented fractions has not as yet 
been investigated nor have undialyzed solutions been examined 
elcctrophoretically. 
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Absorption Rates and Biologic Effects of Pellets of a-Estradiol 
and a-Estradiol Benzoate in Women. 

Robert I. Walter, Samuel H. Geist and Udall T. Salmon'. 

Tram thr Gynrroioffiftsl Sen-ire »/ ])r. S. H. Geist, Jit. Sinai Hospital, ,1 'etc Tori'. 

In a preliminary communication, we have reported the subcu- 
taneous implantation of crystals of a-estradiol benzoate in a group 
of 10 menopausal patients who had well-defined morphologic signs 
and symptoms of estrogen deficiency. 1 It was shown that, by this 
method of administering estrogens, it was possible to achieve a 
strikingly more prolonged effect than is obtained with comparable 
amounts of the hormone, administered parenterally, in solution in 
oil. It was subsequently demonstrated that a correspondingly pro- 
longed inhibition of the hyperactive hvpophj*sis occurred following 
the estrogen implantation. 3 

Since Deanesley and Parkes 3, * have shown that prolonged estro- 
genic effects resulted from the subcutaneous implantation of 
pellets of estrogens in rats, we thought it desirable to study 
in women the duration of the physiologic and therapeutic 
effects of pellets as compared with crystals of the same estrogenic 
substance. Accordingly. 46 patients were implanted with pellets 
and 55 with crystals of either a-estradiol or a-estradiol benzoate. 
During a period of observation of approximately one year, it was 
noted that more prolonged physiologic and therapeutic effects re- 

1 Salmon, U. J., Walter, It. I., and Geist, S. H., Science, 1939, 00, 162. 

2 Salmon, IT. .T., Geist, S. II., and Walter, R. I., Proc. Soc. Exp. Biol, and 
Med,, 1910, *141, 424. 

a Deanesley, R., and Parkes, A. S., Proc. Pay. Soc. B., 193/, 124 , 279. 

1 Deanesley, R., and Parkes, A. S., Lancet, 1938, 2, 606. 
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suited from the implanted crystals than from pellets of similar weight 
and chemical constitution. We, therefore, felt it important to 
determine the rate of absorption of the hormone by removing and 
reweighing the implanted pellets at varying intervals after the im- 
plantation. At the same time, the duration of biologic effects of the 
implanted hormone, as manifested by morphologic changes in the 
endometrium and vaginal mucosa, were studied by means of re- 
peated vaginal smears and vaginal and endometrial biopsies. Here 
we wish to report the results of our studies on the absorption rate 
and duration of biologic effects of the implanted estrogen pellets. 

Material and Procedure. From the 46 cases implanted with pel- 
lets, 14 patients (9 natural menopause. 4 surgical castrates and 1 
X-ray castrate) were selected for excision. The duration of the 
menopause, in this group, varied from 2 months to 7 years. All of 
the patients had either clinical or morphologic evidence of estrogen 
deficiency, or both, prior to the implantation. 

Round, flat pellets of a-estradiol and a-estradiol benzoate.* ster- 
ilized by autoclaving (265°F, at 15 lb pressure, for 30 minutes), 
varying in weight from 15 to 25 mg each, were implanted, subcu- 
taneously, in the outer aspect of the thigh. Nine patients were im- 
planted with a single pellet : 4 with 2 pellets : and one with 3 pellets. 
In 8 cases, the pellets were of a-estradiol and in 6. a-estradiol ben- 
zoate. The skin was prepared with alcohol and iodine and anes- 
thetized with 1% novocaine. The pellets were implanted, approx- 
imately of an inch below the surface into the subcutaneous fat. 
through a skin incision approximately y 2 inch in length. The im- 
plantation sites were excised at varying intervals after the im- 
plantation and the pellets were weighed after drying in a desiccator. 

Results. Absorption Rates of a-Estradiol Pellets. The a-estra- 
diol pellets were excised at periods of time varying from 130 to 245 
days following the implantation. Each pellet was found to be closely 
enveloped by a fibrous capsule. Microscopic study of the surround- 
ing tissues revealed a typical non-specific foreign body reaction. 
(The histologic details of the tissue reaction to the pellets are de- 
scribed elsewhere. 5 ) The results of this studv are presented in 
Table I. 

The rate of absorption, expressed in terms of average percent 

* For the a-estradiol and a-estradiol benzoate pellets used in this investigation, 
we are indebted to Dr. Erwin Scltwenk, Sphering Corporation, Bloomfield. X. J„ and 
to Mr. Robert C. Mautner, Ciba Pharmaceutical Products. Summit, X. J. 

•* Geist, S. H.. Walter, R. I., and Salmon, f. ,T., Peoc. Soc. Exp. Biou 
Med., 1940, 43, 712. 
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relation to its nitrogen content is given by the fact that a 1 :1000 
dilution of a solution containing 0.3 mg of nitrogen/cm 3 still retained 
skin reactivity in a ragweed-sensitive case. That is, a solution con- 
taining 0.0003 mg of nitrogen/cm 3 scratched into the skin by the 
usual technic, gave a positive test. 

Tlie skin reactivity of the pigmented fractions has not as yet 
been investigated nor have undialyzed solutions been examined 
elect rophoretically. 
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Absorption Rates and Biologic Effects of Pellets of a-Estradiol 
and a-Estradiol Benzoate in Women. 

Robert I. Walter, Samuel H. Geist and Udall J. Salmon. 

I'rom the Gynecological Service of nr. .S'. 77. Geist, Mt. Sinai Hospital, A’eir Tori:. 

In a preliminary communication, we have reported the subcu- 
taneous implantation of crystals of a-estradiol benzoate in a group 
of 10 menopausal patients who had well-defined morphologic signs 
and symptoms of estrogen deficiency.' It was shown that, by this 
method of administering estrogens, it was possible to achieve a 
strikingly more prolonged effect than is obtained with comparable 
amounts of the hormone, administered parenterallv, in solution in 
oil. It was subsequently demonstrated that a correspondingly pro- 
longed inhibition of the hyperactive hypophysis occurred following 
the estrogen implantation. 3 

Since Dcanesley and Parkcs 3 - 1 have shown that prolonged estro- 
genic effects resulted from the subcutaneous implantation of 
pellets of estrogens in rats, we thought it desirable to study 
in women the duration of the physiologic and therapeutic 
effects of pellets as compared with crystals of the same estrogenic 
substance. Accordingly, 46 patients were implanted with pellets 
and 55 with crystals of either a-estradiol or a-estradiol benzoate. 
During a period of observation of approximately one year, it was 
noted that more prolonged physiologic and therapeutic effects re- 

l Salmon, U. J., Walter, R. I., and Geist, S. It., Science, 1939, DO, 102. 

a Salmon, U. J., Geist, S. It., and Walter, R. I., Proc. Soc. Exp. Biol, and 
Med., 1940, 48, 424. 

3 Dcanesley, R., and Parkes, A. S., Proc. Roy. Soc. B., 1937, 1-^4, -<9. 

4 Deancslcy, R., and Parkes, A. S., Lancet, 1938, 2, 000. 
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weight loss per 30 days, varied from 1.9 to 8, with an average for 
the series of 4.85%. This represents, in terms of rat units, average 
daily absorption rates varying from 191 to 1460 R.U., with an 
average for the series of 473 R.U. per day. Deanesley and Parkes, 
in their study of a-estradiol pellets in rats, reported 6% to 9% 
average absorption per month. 

Absorption Rates of a-Estradiol Benzoate Pellets. The a-estra- 
diol benzoate pellets were excised at intervals varying from 87 
to 207 days after the implantation. In this series, also, a fibrous 
capsule was found surrounding each pellet. The rate of absorption 
in terms of average percent weight loss per 30 days, varied from 0.41 
to 4.7. The average rate of absorption (per 30 days), of this series, 
was 1.72%. This represents, in terms of rat units, variations from 
41 to 238 R.U. per day, with an average for the series of 113 R.U. 
per day. 

Biologic Effects of a-Estradiol Pellets. All cases showed charac- 
teristic morphologic evidence of estrogenic effect, as indicated by 
proliferative response in the vaginal mucous membrane (smears and 
biopsies) and/or the endometrium, within 2 weeks after the im- 
plantation. Details of the effect of implanted estrogens upon the 
mucous membranes of the genital tract are being reported elsewhere. 

At the time of removal of the implanted a-estradiol pellets, there 
was evidence (in all but 3 cases) of morphologic regression to the 
pre-implantation status, indicating varying degrees of estrogen de- 
ficiency. Apparently, at the time of excision, so little of the hormone 
was being absorbed that no estrogenic effect was demonstrable in 
the uterine or vaginal mucosa. In all of these cases the pellets had 
been retained for 180 days or more. 

The 3 cases in this series that revealed morphologic evidence of 
continued estrogen activity, at the time of excision, had all been 
implanted for shorter periods of time (23, 130 and 160 clays). 

Biologic Effects of a-Estradiol Benzoate Pellets. In the a-estra- 
diol benzoate series, morphologic studies, at the time of excision 
(87 to 207 days post-implantation), revealed, in all cases, regression 
to the pre-implantation status, indicating the cessation of estrogen 
activity. 

Clinical Effects of a-estradiol Pellets. One patient (Case No. 6) 
experienced no relief of symptoms; 4 were relieved for periods vary- 
ing from 101 to 190 days; 2 (Case No. 2 and Case No. 4) were still 
symptom-free at the time of excision (160 and 130 days post-im- 
plantation). 

Clinical Effects of a-Estradiol Benzoate Pellets. Two patients 
(Case No. 9 and Case No. 13) experienced no relief of symptoms 
following the implantation; 5 were relieved for periods varying 
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weight loss per 30 days, varied from 1.9 to 8, with an average for 
the series of 4.85%. This represents, in terms of rat units, average 
daily absorption rates varying from 191 to 1460 R.U., with an 
average for the series of 473 R.U. per day. Deanesley and Parkes, 
in their study of a-estradiol pellets in rats, reported 6% to 9% 
average absorption per month. 

Absorption Rates of a-Estradiol Benzoate Pellets. The a-estra- 
diol benzoate pellets were excised at intervals varying from 87 
to 207 days after the implantation. In this series, also, a fibrous 
capsule was found surrounding each pellet. The rate of absorption 
in terms of average percent weight loss per 30 days, varied from 0.41 
to 4.7. The average rate of absorption (per 30 days), of this series, 
was 1.72%. This represents, in terms of rat units, variations from 
41 to 238 R.U. per day, with an average for the series of 113 R.U. 
per day. 

Biologic Effects of a-Estradio! Pellets. All cases showed charac- 
teristic morphologic evidence of estrogenic effect, as indicated by 
proliferative response in the vaginal mucous membrane (smears and 
biopsies) and/or the endometrium, within 2 weeks after the im- 
plantation. Details of the effect of implanted estrogens upon the 
mucous membranes of the genital tract are being reported elsewhere. 

At the time of removal of the implanted a-estradiol pellets, there 
was evidence (in all but 3 cases) of morphologic regression to the 
pre-implantation status, indicating varying degrees of estrogen de- 
ficiency. Apparently, at the time of excision, so little of the hormone 
was being absorbed that no estrogenic effect was demonstrable in 
the uterine or vaginal mucosa. In all of these cases the pellets had 
been retained for ISO days or more. 

The 3 cases in this series that revealed morphologic evidence of 
continued estrogen activity, at the time of excision, had all been 
implanted for shorter periods of time (23, 130 and 160 days). 

Biologic Effects of a-Estradiol Benzoate Pellets. In the a-estra- 
diol benzoate series, morphologic studies, at the time of excision 
(87 to 207 days post-implantation), revealed, in all cases, regression 
to the pre-implantation status, indicating the cessation of estrogen 
activity. 

Clinical Effects of a-estradiol Pellets. One patient (Case No. 6) 
experienced no relief of symptoms; 4 were relieved for periods vary- 
ing from 101 to 190 days; 2 (Case No. 2 and Case No. 4) were still 
symptom-free at the time of excision (160 and 130 days post-im- 
plantation). 

Clinical Effects of a-Estradiol Benzoate Pellets. Two patients 
(Case No. 9 and Case No. 13) experienced no relief of symptoms 
following the implantation : 5 were relieved for periods varying 
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from 45 to 75 days; one (Case No. 12) was symptom-free at the 
time of excision, which was 8S days after the implantation. It is 
apparent from this study that pellets of a-estradiol have a more pro- 
longed therapeutic and biologic effect than pellets of a-estradiol 
benzoate. 

It is important to note that despite the presence of sizeable pellets 
(weighing 11 to 46.4 mg) in the subcutaneous tissue, the majority 
of the patients, at the time of excision, exhibited clinical as well as 
morphologic evidence of estrogen deficiency. The fact has already 
been mentioned that the pellets were found to he completely enveloped 
hv a tight, fibrous capsule. 5 Apparently the capsule acts as a barrier, 
progressively retarding absorption of the hormone and reducing it 
finally to a level at which no demonstrable estrogen effect is exerted, 
either clinically or morphologically. 

The question may be raised as to whether the hormone may not he 
inactivated by its prolonged contact with the subcutaneous tissues. 
Such a qualitative change in the pellets has been considered and 
apparently ruled out by demonstrating that the excised pellets, when 
reimplanted in rats, produced characteristic estrogen effects. 

It is evident from this study that, in spite of the striking initial 
morphologic and therapeutic effects produced by the implanted estro- 
gen pellets, there is a serious objection to this method of administer- 
ing estrogens clinically, since the therapeutic effect is relatively 
short-lived and the patients, thereafter, retain sizeable pellets without 
deriving any therapeutic benefit from them. 

Summary ami Conclusions. A comparative study of the absorp- 
tion rates and duration of biologic effectiveness of implanted pellets 
of a-estradiol and a-estradiol benzoate was made in a series of 14 
cases. This study revealed that the average percent absorption rate, 
per 30 days, of a-estradiol pellets was 4.85% (= 473 rat units per 
day), as compared to 1.72% (= 113 rat units per day) for pellets of 
a-estradiol benzoate. The duration of biologic and therapeutic 
effects was definitely longer in the a-estradiol series. It is con- 
cluded. on the basis of these studies, that the fibrous capsule which 
forms about the pellets progressively decreases the rate of absorption 
of the hormone, so little being absorbed finally that no demonstrable 
morphologic or therapeutic effect is produced. Furthermore, because 
of the fact that absorption of the hormone in effective amounts 
ceases when only a relatively small amount of the pellet has been ab- 
sorbed, it is concluded that the implantation of pellets (weighing 15 
to ?5 mg) of a-estradiol and a-estradiol benzoate is not a satisfac- 
tory method of administering estrogens clinically. 

Wc wisli to gratefully acknowledge the technical assistance of Mr. A. A. Salmon. 



319 


11443 P 

Inhibitory Action of Testosterone Propionate on the Human 

Ovary. 

S. H. Geist, J. A. Gaines and U. J. Salmon. 

From The Mount Sinai Hospital, Xcw Tori; City. 

In previous communications , 1 ’ 3 it has been shown that, by the 
administration of adequate amounts of testosterone propionate to 
cyclical women, menstruation can be suppressed and the secretory 
phase of the endometrium abolished, resulting in hypoplasia or 
atrophy of the endometrium. These effects of testosterone pro- 
pionate were interpreted as indicating inhibition of ovulation (prob- 
ably mediated through the hypophysis) with consequent suppression 
of estrogen and progesterone formation. 

In animals, some workers have reported that synthetic androgens 
have a stimulating action upon the ovaries of rats 1 " 8 and mice . 0 
Others have reported inhibition of ovulation in rabbits 10 and 
monkeys ' 1 and ovarian atrophy in rats . 12 ’ 13 

In the study reported here, an attempt was made to determine 
what effect testosterone propionate has upon the ovaries of cyclical 
women and to correlate the ovarian response with the endometrial 
and vaginal changes. 

Two regularly cyclical women, requiring exploratory laparotomy, 
were selected for this study. Endometrial biopsies were taken 

i Gaines, J. A., Salmon, U. J., and Geist, S. H., Proc. Soc. Exp. Biol, and 
Med., 1938, 38, 779. 

- Geist, S. H., Salmon, IJ- J., and Gaines, J. A., Endocrinology, 1938, 23, 784. 

3 Salmon, U. J., Geist, S. H., and Walter, B. I., Am. J. Obs. and Gyn., 1939, 

38, 2G4. 

4 Korenclievsky, V., Dennison, M., and Hall, K., Biochcm. J.. 1937, 31, 780. 

•"> Wolfe, J. M., and Hamilton, J. B., Pp.oc. Soc. Exp. Biol. and Med., 1937, 
37, 189. 

3 MeKeown, T., and Zuekerman, S., Proc. Roy. Soc., London, s.B., 1937, 124, 303. 
7 Salmon, U, J., Proc. Soc. Exp. Biol. and Med., 1938, 38, 352. 

SNathanson, 1. T., Franseon, C. C., and Sweeney, A. R., Jr., Pp.oc. Soc. Ext. 
Biol, and Med., 1938, 39, 384. 

o Starkey, W. F., and Leathern, J, H., Proc. Soc. Exp. Biol, and Med., 1938, 

39, 21S. 

Cotte, G., Martin, J. F., and Mankiewicz, E., Gynecologic, 1937, 3(5, 501. 
u Zuekerman, S., Lancet, 1937, 2, 670. 

v - McEuen, C. S., Selve, H., and Collip, J. B., Proc. Soc. Exr. Biol, and Med., 
1937, 30, 390. 

13 Mazer, M., and Mazer, C., Endocrinology, 1939, 24, 175. 
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before and during' the period of testosterone propionate administra- 
tion, at intervals of 1 to 2 weeks. Vaginal smears were taken 3 
times weekly. Testosterone propionate was administered for 31 
and 15 days, respectively, the total amounts being 925 and 1,225 
mg. The histologic findings of the ovaries were correlated with the 
endometrium and vaginal smears. A resume of the protocols 
follows: 

Case 1. Aye 29. Gravida 1. Para (). Menses lasting 5 days oc- 
curred at regular intervals of 4 weeks. A preliminary endometrial 
biopsy, taken during the menstrual period, revealed the presence of 
secretory changes. It was assumed, therefore, that an ovulatory 
cycle had just been completed. Preliminary vaginal smears were of 
the normal physiologic type. Testosterone propionate’ 1 ' injections 
were started 3 days pre-menstrually and continued, at 1 to 3 day 
intervals, until 925 mg had been administered over a period of 31 
days. Menstruation failed to take place by the 34th day of the 
cycle, at which time operation was performed. At this time, the 
endometrium was reduced to a state of hypoplasia, while the vaginal 
smears revealed typical estrogen deficiency characteristics. The 
ovaries showed no gross evidence of a mature follicle or recent 
corpus lutcum. Two longitudinal sections were made through the 
entire width of each ovary down to the hilus and the centra! wedges 
removed for histologic study. Microscopic examination revealed 
the presence of small, collapsed or cystic corpora Iutea of previous 
cycles, hut no maturing follicles or current corpus luteum. 

Case 11. Aye 47. Gravida 2. Para 2. Menses had occurred quite 
regularly at 26 to 28 day intervals, lasting for 5 to 6 days. The 
patient entered the hospital because of lower abdominal pain related 
to uterine fibromvomata. An endometrial biopsy, taken pre-men- 
strually, revealed a typical secretory phase. Preliminary vaginal 
smears revealed a normal estrogen effect. During the first 16 days 
of the next cycle, 3.225 mg of testosterone propionate was admin- 
istered. A supravaginal hysterectomy and bilateral salpingo-oopho- 
rectomy was performed on the 17th day. The endometrium showed 
moderate proliferation and a complete absence of secretory phe- 
nomena. The vaginal smear, at this time showed early signs of 
regression. Microscopic sections of the ovaries failed to reveal any 
signs of a recent corpus luteum or maturing follicle. 

Summary and Conclusions. Two women with regular menstrual 

* Tor tho testosterone propionate used in this investigation, we are indebted to 
Dr. Erwin Scliwenk, Sobering Corporation, Bloomfield, N. J. (Oreton), and to Mr. 
Robert C. Mnutncr, Ciba Pharmaceutical Products, Summit, N. J- (I erandren). 
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cycles were injected with testosterone propionate (925 and 1.225 
mg), in order to determine whether ovulation could be inhibited. 
In one patient, the ovaries, examined on the 34th day of the cycle, 
showed no evidence of a recent corpus luteum or mature graafian 
follicle. In the second patient, examination of the ovaries, on the 
17th da}' of the cycle, did not reveal any evidence of ovulation. In 
the latter case, while ovulation might have occurred after the 17th 
day, it was deemed unlikely in an individual with a regular 26 to 2S 
day cycle. 

It appears from this study that testosterone propionate, if admin- 
istered in adequate amounts to the cyclical human female, can 
inhibit full follicle maturation, ovulation and corpus luteum forma- 
tion, associated with regressive changes in the endometrium and 
vaginal mucosa. The question arises as to whether the testosterone 
propionate acts directly upon the follicular apparatus or indirectly 
through inhibition of the gonadotropic activity of the pituitary. In 
view of the fact that testosterone has been shown to suppress the 
gonadotropic activity of the hypophysis in post-menopausal 
women 14 ' ir ‘ and rats, 10 ’ 18 it is logical to conclude that the inhibitory 
effect of testosterone propionate upon the human ovary is mediated 
through the pituitary. 
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Effectiveness of Sulfanilamide upon Anaerobic Hemolytic 
Streptococci. 

E. H. Staulding and Amedeo Bondi, Jr. 

( Introduced by J. A. Kolmer. ) 

From the Department of Bacteriology and Immunology, Temple University School 
of Medicine, Philadelphia, Pa. 

Previous work in tins laboratory 1 has indicated that on primary 
isolation a significant proportion of hemolytic streptococci are in- 
capable of developing upon the surface of aerobic, infusion blood- 

14 Salmon, U. J., Proc. Soc. Ext. Bioi.. and Med., 1037, 37, 4SS. 

1" Natlianson, I. T., and Toivnr, L. E., Endocrinology, 3030, 25, 754. 
ir ’ Colson, W. O., and Gallagher, T. F„ A not. Pec., 1033, 04, 120. 

1" Wolfe, ,T. M., and Hamilton, J. B.. Endocrinology, 3037, 21, 003. 

15 Allanson, M„ Proc. Bo y. Soc., London, s.B., 1037, 125, 300. 

1 Spaulding, E. II., and Goode, W., J. Lab. and Clin. Med., 1030, 25, 305. 
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agar plates. Although most of these “anaerobic” isolations become 
quickly adapted to aerobic cultivation (temporarily anaerobic), a 
small percentage persist as obligate anaerobes. As" a result of the 
clinical observation that several patients infected with obligatelv 
anaerobic hemolytic streptococci (Group A) responded poorly to 
sulfonamide-therapy, two such strains were selected for experi- 
mental study. The results are being reported because of the in- 
creasing interest in the relationship between anaerobiosis and sul- 
fanilamide activity."""' 

Both strains reacted with Group A antiserum, and fermented 
trehalose but not sorbitol. Strain S, originating from a case of 
bronchiectasis, was unable to grow on aerobic blood-agar for 18 
months. The other (1097) was isolated from a hand lesion. After 
14 months it began to develop aerobically. Strain S was character- 
ized by mucoid colonies on blood agar, whereas those of 1097 were 
of the smooth type. On benzidine blood agar 7 both cultures gave 
rise to black colonies within two hours after removal from anaerobic 
jar. 

Experimental infection in mice was produced with considerable 
difficulty since only after prolonged passage did death regularly 
follow the injection of several million cells. It should be noted that 
streptococcal strains of low virulence do not usually show marked 
response to sulfanilamide in mice." presumably because of the large 
number of organisms in the inoculum. Infection was produced 
intraiibdominally and the drug administered subcutaneously in 
10 mg doses per 25 g bodv weight. The results are summarized in 
Table I. 

It will be noted that neither treatment-schedule was intensive. 
Nevertheless, it seems evident that infection induced by one strain 
(S) was definitely refractory to treatment, whereas infection with 
the other strain ( 1097) was moderately susceptible to, sulfanilamide 
therapy. Comparative experiments concerning the effect of fresh 
preparation of sulfanilamide and samples of the drug oxidized by 
exposure to air for 30 days yielded similar results. 

- Fox, C. L., German, B., and .Ta noway, C. A., Prop. Sop. Exp. Biol, and Med., 
1939, 40, 184. 

a Warren, J., Street, J. A., and Rtokinger, H. E., Prop. Soc. Exp. Biol, and 
Med., 1939, 40, 208. 

•! Sliinn, Tj. E., Main, E. It., and Mellon, R. R., Prop. Soc. Exp. Biol, and Med., 
1939, 40, 040. 

r. Broli-Kalm, R. H., Science, 1939, OO, 543. 

(l Marshall, E. K., Jr., Physiol. Per., 1939, 10, 240. 

7 MacLeod, C. M., Prop. Sop. Exp. Biol, and Med., 1939, 41, 215. 
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The in vitro experiments of Fox, ct al.," and of Warren, ct al; 
suggest that sulfanilamide would be ineffectual against obligately 
anaerobic strains. The in z'iz-o results with strain 1097, however, 
indicate that anaerobiosis per sc may not be an important factor in 
determining susceptibility of hemolytic streptococci to sulfanila- 
mide-therapy. 

In z’itro bactcriostasis. Since there appeared to exist unequal 
responses to sulfanilamide between the 2 strains in mice, it was 
considered possible that in z'itro tests might bring to light some 
essential difference between the two organisms. Bacteriostatic tests 
were performed by adding to 17 cc of peptone-free. 25% serum, 
infusion broth 2 cc of sulfanilamide to make a final concentration 
of 1:10,000. The medium was freshly prepared and incubated 
overnight, anaerobically. One cc of a diluted 15-hour broth culture 
was added with the introduction of as little oxygen as possible. 
Platings were made after 2. 4, 5. 6, 7. 9. 12 and 24 hours’ incuba- 
tion anaerobically at 37 ? C. At the same time the gross turbidity 
was estimated by barium sulfate standards and the average number 
of cocci per chain determined microscopically. The graphic results 
appear in Figure I. 

Unlike the results of the mouse experiments both strains were 
inhibited by sulfanilamide in z-itro. Since it is well known that in 
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broth containing this drug streptococci produce long chains, the 
average number of cocci per chain was determined at the time each 
plating was made. The error due to interpreting the failure of the 
organisms to divide as true bacteriostasis would have been slight, 
however, in this instance. There were only 3 times as many 
elements in the drug-broth as in the control tubes, while bacteriostasis 
as determined by platings was in the order of a two-hundred fold 
difference at 9 hours. 

Phagocytic Experiments. The discrepancy between the drug- 
resistance of strain S in vivo and its susceptibility in vitro was 
attributed to the enormous difference in the number of bacteria used 
in the two types of experiments. In mice the number was very 
large; in the test tube it was small. Lockwood 10 has demonstrated 
the antibacteriostatic effect of large inocula in zhtro. Nevertheless, 
it occurred to us that this strain might show marked resistance to 
phagocytosis in the presence of sulfanilamide. Therefore, a series 
of 3 in vitro phagocytic experiments was carried out. Using one 
set of cultures throughout, the test conditions were varied so as to 
include the use of organisms previously exposed to 1 :10,000 sulfa- 
nilamide and others not subjected to the drug. The tests were in- 
cubated in the water bath at 37° C. with constant rotation. Smears 
were made after 30 minutes and one hour. Phagocytic activity was 
estimated by counting 200 leucocytes stained by Wright's method 
and by determining microscopically the average number of cocci per 
phagocyte. 

A detailed description of the technique is not warranted since it 
was found that neither strain was markedly influenced bv the pres- 
ence of the drug. Strain 1097 was, perhaps, more readilv phagocy- 
tized, with or without the drug, than was the S strain. 

Further attempts to differentiate strains S and 1097. Because the 
results in mice had indicated that the strains behaved differentlv 
toward sulfanilamide, a series of fermentative tests and dehydro- 
genase determinations was conducted. The fermentative capacities 
were similar, however, and dehydrogenase studies, patterned after 
MacLeod 1 were essentially negative. 

Adaptation to aerobic cultivation. After 14 and IS months re- 
spectively strains S and 1097 both developed spontaneously the 
ability to grow on aerobic blood agar. Since this adaptation must 
have been accomplished through the acquisition of new respiratory 
systems, it was thought desirable to determine whether a change in 

l" Lockwood, J. S., J . Immunol .. 193S, 35, 153. 
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The in vitro experiments of Fox, ct al.~ and of Warren, ct al.,° 
suggest that sulfanilamide would be ineffectual against obligate!}' 
anaerobic strains. The in vivo results with strain 1097, however, 
indicate that anaerobiosis per sc may not be an important factor in 
determining susceptibility of hemolytic streptococci to sulfanila- 
mide-therapy. 

hi vitro bactcriostasis. Since there appeared to exist unequal 
responses to sulfanilamide lietween the 2 strains in mice, it was 
considered jiossible that in vitro tests might bring to light some 
essential difference between the two organisms. Bacteriostatic tests 
were performed by adding to 17 cc of peptone-free. 23% serum, 
infusion broth 2 cc of sulfanilamide to make a final concentration 
of 1:10.000. The medium was freshly prepared and incubated 
overnight, anaerobically. One cc of a diluted 15-hour broth culture 
was added with the introduction of as little oxygen as possible. 
Platings were made after 2, 4, 5, 6. 7, 9, 12 and 24 hours’ incuba- 
tion anaerobically at 37" C. At the same time the gross turbidity 
was estimated by barium sulfate standards and the average number 
of cocci per chain determined microscopically. The graphic results 
appear in Figure I. 

Unlike the results of the mouse experiments both strains were 
inhibited by sulfanilamide in -vitro. Since it is well known that in 
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Serum Phosphatase, Calcium and Phosphorus Values in 

Infancy.* 

Donald J. Barnes and Bertha Musks. (Introduced by Arthur 

H. Smith.) 

From Harper Hospital, Detroit, Mich. 

Investigators who have been studying diagnostic procedures and 
standards for judging the healing or development of early rickets 
in infants have commented on the difficulty of making accurate judg- 
ments when these must be based upon the physical findings, roent- 
genological examinations, the serum calcium and serum phosphorus 
determinations. We have previously cited 1 our belief that, through 
the determination of the serum phosphatase, we have a more accurate 
means of recognizing the early development of the disease. In this 
we simply agree with other investigators 5 ’ 5 and offer additional 
supporting evidence. However, with our interest in this abnormal 
state in the infant, we were struck by the lack of any considerable 
data defining the normal serum phosphatase for the infant in the 
first year of life. The data of Jeans and Stearns 4 show that the 
plasma phosphatase, which is low at birth, rises abruptly to a maxi- 
mum during the first month, maintains this peak only a short time, 
and then falls rather rapidly during the second or third month, 
gradually declining through the remainder of the year, although the 
phosphatase level remains higher than that found in older age 
groups. 

Our data, based on 630 observations made upon infants during 
the first year of life, do not entirely coincide with those of Jeans and 
Stearns but we feel that they represent a good sampling of population 
of this age for this section of the country. Part of the patients, dif- 
ferentiated as “Harper Babies’’, upon whom 390 observations were 
made, were born at Harper Hospital and were followed in our out- 
patient clinic. They received adequate amounts of milk, vitamin D 

* Tliis study nas made possible by a grant from tbe Upjolin Company. The 
assistance of the Department of Obstetrics is also acknowledged. 

l Barnes, D. .T., and Caipenter, M. D., J. Pediatrics, 1937, 10, 59G. 

- Bodansky, A., and Jaffe, H. L.. Arch. Int. Med., 193-1, 54, SS; Am. J. Die. 
Child., 1931, 48, 1208. 

Morris, N., Stevenson, M. M., Peden, O. D., and Small, ,T., Arch. Dis. Child- 
hood, 1937, 12, 13. 

4 Stearns. G., and Warn eg, E., J. Binl. Client., 1933, 102, 719. 
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drug susceptibility had likewise occurred. Therefore, the mouse 
tests were repeated using aerobic broth cultures as inoculum. Mouse- 
virulence was again attained with considerable difficulty and each 
strain tested in 30 mice receiving 20 mg of sulfanilamide per day 
and approximately the same number of lethal doses of culture as in 
Table I. No animal survived beyond the sixth day. Infection with 
strain S, which previously had been resistant to therapy, was now 
slightly less refractory. On the other hand infection with the 1097 
strain, moderately susceptible when produced by the anaerobic variant, 
became definitely more resistant, so that the results with both strains 
were strikingly similar. It would appear, then, that the inability 
of streptococci to grow on aerobic blood agar may not necessarily 
be correlated with drug resistance in mice. In fact, strain 1097 was 
more susceptible to sulfanilamide when it was an obligate anaerobe. 

Discussion. Bliss. Long and Feinstone 8 record anaerobic non- 
hemolytic streptococci as refractory to sulfanilamide both in vitro 
and in vivo. This opinion is in agreement with the clinical experi- 
ence of Colebrook and Purdie. 0 The results with strain 1097 may 
be of interest, then, by suggesting the possibility that at least some 
strains of anaerobic hemolytic streptococci are amenable to sulfan- 
ilamide therapy. 

The in vitro experiments of Shinn, ct oh* with Type I pneumo- 
coccus show that the gradual reduction of the oxygen concentration 
to 0.04% is accompanied by a corresponding decrease in bacterio- 
stasis by sulfanilamide. With further reduction of oxygen, how- 
ever. growth inhibition reappeared. It is possible that a similar 
mechanism is operating in our tests with the 1097 strain. Bv the 
same token strain S may possess a different respiratory mechanism 
making it resistant to the drug. 

Summary. 1. Two weakly virulent strains of “anaerobic." Group 
A, hemolytic streptococci were subjected to in z'ivo and in vitro tests 
with sulfanilamide. 2. One strain was resistant, the other mod- 
erately susceptible, to the drug in mice. 3. No essential difference 
between the strains could lie demonstrated, however, by in vitro 
bacteriostatic, phagocytic and biochemical tests. 4. Following adap- 
tation to aerobic incubation (14 and 18 months) both strains were 
refractory in mice. 5. The results indicate that anaerobiosis, per sc, 
was not the fundamental factor in determining drug response of 
these “anaerobic” hemolytic streptococci. 

g jj]i SS) E. A., Long, P. H., and Feinstone, W. H., So. Meet. J., 1938, 81, 303. 

0 ColeLrook, L., and Purdie, A. W., Lancet, 1937, 2, 1237. 
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Serum Phosphatase, Calcium and Phosphorus Values in 

Infancy/ 

Donald J. Barnes and Bertha Munks. (Introduced by Arthur 

H. Smith.) 

From Harper Hospital, Detroit, Mich. 


Investigators who have been studying diagnostic procedures and 
standards for judging the healing or development of early rickets 
in infants have commented on the difficulty of making accurate judg- 
ments when these must be based upon the physical findings, roent- 
genological examinations, the serum calcium and serum phosphorus 
determinations. We have previously cited 1 our belief that, through 
the determination of the serum phosphatase, we have a more accurate 
means of recognizing the early development of the disease. In this 
we simply agree with other investigators 2 ' 3 and offer additional 
supporting evidence. However, with our interest in this abnormal 
state in the infant, we were struck by the lack of any considerable 
data defining the normal serum phosphatase for the infant in the 
first year of life. The data of Jeans and Stearns 4 show that the 
plasma phosphatase, which is low at birth, rises abruptly to a maxi- 
mum during the first month, maintains this peak only a short time, 
and then falls rather rapidly during the second or third month, 
gradually declining through the remainder of the year, although the 
phosphatase level remains higher than that found in older age 
groups. 

Our data, based on 630 observations made upon infants during 
the first year of life, do not entirely coincide with those of Jeans and 
Stearns but we feel that they represent a good sampling of population 
of this age for this section of the country. Part of the patients, dif- 
ferentiated as “Harper Babies’’, upon whom 390 observations were 
made, were born at Harper Hospital and were followed in our out- 
patient clinic. They received adecjuate amounts of milk, vitamin D 

* Tliis study was made possible by a grant from the Upjohn Company. The 
assistance of the Department of Obstetrics is also acknowledged. 

1 Barnes, D. J., and Carpenter, It. D., J. Pediatrics, 1937, 10, 59G. 

-Bodansky, A., and JafEe, H. L., Arch. Int. Med., 1934, 54, 88; Am. ,T. Vis. 
Child., 1934, 48, 1208. 

a Morris, X., Stevenson, M. M., Peden, O. D., and Small, J., Arch. Dis. Child- 
hood, 1937, 12, 4o. 

4 Stearns, G., and Warweg, E., J. Biol. Client., 1933, 102, 749. 
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as cod liver oil, and accessory foods as their ages warranted. Where 
there was any evidence of developing anemia, iron was added to the 
dietary. Any infants who showed signs or symptoms of rickets, 
either physical or as judged roentgenologically. were dropped from 
the group. The average serum phosphatase from these patients did 
not show the peak rise during the first month noted by Jeans and 
Stearns. 

A second group of patients, known as “Welfare Babies”. on which 
240 of the observations were made, were selected from those sent to 
our clinic from Child Welfare stations because they were thought 
to he rachitic and in need of treatment. From the large number 
sent, those were selected who were roentgenologically negative and 
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who were found to have a serum calcium of at least 10.4 mg per 
100 cc and a serum phosphorus of 5.5 mg or above, values which are 
considered well above the minimal normal levels. From this group, 
consisting of colored and white babies, we obviously could not get 
data at birth and relatively few were seen during the first month. 
Some of them had had vitamin D. generally in small amounts. 

The serum calcium, phosphorus and phosphatase were determined 
on blood drawn from the femoral vein. Clark and Collip's modifi- 
cation of the Kramer, Tisdail method 5 was used for calcium deter- 
minations. and Bodansky’s method 0 for phosphorus and phospha- 
tase determinations. 

Table I shows that the calcium values from birth to 3 days for 
“Harper Babies” fell from an average of 11.3 mg per 100 cc serum 
to 10.8 mg during the second week, then rose to an average of 12.1 
mg at the first month and were maintained rather consistently 
through the year. Phosphorus values averaged 6.4 mg per 100 cc 
serum for birth to 3 days of life and rose to an average maximum 


SERUM PHOSPHATASE VALUES DURING INFANCY 



5 Clark, E. P., and Collip, J. B„ J. Biol. Chem., 1025. 63. 401. 

0 Bodanskv, A., J. Biol. Chem.. 1032, 5)0. 107: iliid.. 1033, 101, 03. 
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as cod liver oil, and accessory foods as their ages warranted. Where 
there was any evidence of developing anemia, iron was added to the 
dietary. Any infants wiio siiowed signs or symptoms of rickets, 
either physical or as judged rocntgenologicallv, were dropped from 
the group. The average serum phosphatase from these patients did 
not show the peak rise during the first month noted by Jeans and 
Stearns. 

A second group of patients, known as “Welfare Babies", on which 
240 of the observations were made, were selected from those sent to 
our clinic from Child Welfare stations because tlicv were thought 
to be rachitic and in need of treatment. From the large number 
sent, those were selected who were rocntgenologicallv negative and 
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pointed out that this change in serum phosphatase is probably our 
earliest reliable sign of rachitic activity. Later on in the infant’s 
life there was not the same relationship between slight physical 
signs and this evidence of activity. Beginning with the third month 
and continuing through the year, the phosphatase values for the 
“Welfare” group correspond fairly closely to those of the “Harper” 
group. We feel that the “Harper” group represents a sufficiently 
large, well controlled series so that we have not combined it with 
the “Welfare” group, rather showing each separately. As would be 
expected, our standard deviations are smaller in the “Harper” 
group than in the “Welfare” group. 

The findings include both summer and winter values. Among the 
“Harper Babies,” 170 cases tested between June 1 and November 1, 
constituting summer values, averaged 10.8 units for the year; 
while 220 cases observed from November 1 to June 1 in the winter 
grouping, averaged 11.0 units. During the first 6 months of life, the 
winter values of the “Harper Babies” averaged 1.3 units higher than 
the summer values, while from 6 months to one year of age, the sum- 
mer values averaged 1.6 units greater than the winter values. There 
was not a sufficiently regular distribution of summer and winter cases 
in the “Welfare” group to warrant such comparisons. 

These data represent, first, a series of serum phosphatase, calcium 
and phosphorus observations upon normal infants (Harper Babies) 
which should help to establish normal serum phosphatase values 
through the first year of life; second, a comparison with a group 
(Welfare Babies) which shows a slightly abnormal elevation of 
serum phosphatase at the first and second months but which, as 
judged by other serological and roentgenological standards, was nor- 
mal. This supports the view that the serum phosphatase elevation 
is the earliest diagnostic sign of rickets, since this latter group was 
sent to us representing possible early cases of the disease. Further- 
more, the “Welfare” group refutes, since it had such small amounts 
of vitamin D, the possible argument that the ingested vitamin D 
which was had in moderate amounts by the “Harper Babies” de- 
pressed the level of serum phosphatase below the physiological nor- 
mal. In addition, further correlated data are presented concerning 
the serum calcium and phosphorus values during infancy. 
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of 6.8 nig during the second week, receded slightly with the upswing 
of scrum calcium at one month and then established a fairly con- 
stant though slightly falling value during the remainder of the year, 
to an average of 5.8 mg at 12 months. The “Welfare Babies” gave 
values which corresponded remarkably closely to those of the “Har- 
per Babies.” 

The average serum phosphatase of the "Harper Babies”, from 
birth to 3 days of age (Chart), has a value of 7.1 units per 100 cc. 
It shows no peak during the first month but rather a sharp rise to 
11.9 units during the first 2 months, a very slow continuance of this 
rise through the fourth and fifth months to an average value of 13.0 
units and then a gradual, slight decline through the rest of the year 
to a level of 11.5 units. There is a rather pronounced decline at 
the eighth month to a value of 9.9 units. The data, representing 
averages, together with standard deviations for the phosphatase 
values are shown in Table II. 

It is noteworthy that the group labeled “Harper Babies” does 
not have the high average phosphatase levels at the first and second 
months reached by the “Welfare" patients. This probably is ex- 
plained by the fact that the "Welfare Babies” were sent in as being 
possible cases of active rickets and their serum phosphatase values 
actually were elevated during the first and second months. In other 
words, some did have this deviation from the normal. It has been 


table ir. 

Statistical Evaluation of Phosphatase Data. 
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Ape groups 


Mean, units Standard 
No. per 100 deviation, 
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19 

13 

22 

9.9 

11.6 

10.8 

11.8 

11.5 

2.G4 

2.58 

3.11 

2.50 

2.87 

21 

15 

21 

12 

10 

9.8 

12.2 

11.0 

12.0 

11.7 

3.29 

3.18 

3.58 

3.84 

3.21 


Total 

390 



240 




‘Patients had a serum calcium of at least 10.4 nig 
phorus of 5.0 mg or higher. 
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pointed out that this change in serum phosphatase is probably our 
earliest reliable sign of rachitic activity. Later on in the infant’s 
life there was not the same relationship between slight physical 
signs and this evidence of activity. Beginning with the third month 
and continuing through the year, the phosphatase values for the 
“Welfare” group correspond fairly closely to those of the “Harper” 
group. We feel that the “Harper” group represents a sufficiently 
large, well controlled series so that we have not combined it with 
the “Welfare” group, rather showing each separately. As would be 
expected, our standard deviations are smaller in the “Harper” 
group than in the “Welfare” group. 

The findings include both summer and winter values. Among the 
“Harper Babies,” 170 cases tested between June 1 and November 1, 
constituting summer values, averaged 10.8 units for the year; 
while 220 cases observed from November 1 to June 1 in the winter 
grouping, averaged 11.0 units. During the first 6 months of life, the 
winter values of the “Harper Babies” averaged 1.3 units higher than 
the summer values, while from 6 months to one year of age, the sum- 
mer values averaged 1.6 units greater than the winter values. There 
was not a sufficiently regular distribution of summer and winter cases 
in the “Welfare" group to warrant such comparisons. 

These data represent, first, a series of serum phosphatase, calcium 
and phosphorus observations upon normal infants (Harper Babies) 
which should help to establish normal serum phosphatase values 
through the first year of life; second, a comparison with a group 
(Welfare Babies) which shows a slightly abnormal elevation of 
serum phosphatase at the first and second months but which, as 
judged by other serological and roentgenological standards, was nor- 
mal. This supports the view that the serum phosphatase elevation 
is the earliest diagnostic sign of rickets, since this latter group was 
sent to us representing possible early cases of the disease. Further- 
more, the “Welfare” group refutes, since it had such small amounts 
of vitamin D, the possible argument that the ingested vitamin D 
which was had in moderate amounts by the “Harper Babies” de- 
pressed the level of serum phosphatase below the physiological nor- 
mal. In addition, further correlated data are presented concerning 
the serum calcium and phosphorus values during infancy. 



114-46 


Micromelia in Adult Fowl Caused by Manganese Deficiency 
During Embryonic Development. 

C. D. Caskey’ 1 ' and L. C. Norris. 

I 'rum the I)< pnrtmrnt of Poult rt/ llvxbnmlnj, Cornell Unircmitji . 1 thorn, X. 3’. 


I’yerlv, Titus. Ellis and Landauer* and Landauer* reported the 
occurrence of micromelia of nutritional origin in chicken embryos 
and in newly hatched chicks. Later Lyons and Insko 3 observed 
micromelia in the embryos and newly hatched chicks of liens fed a 
diet deficient in manganese which was strikingly similar to that 
described by Bverly and associates and by Landauer. Lyons and 
Insko prevented the development of the abnormally shortened leg 
and wing bones by injecting manganese sulfate into the eggs just 
before placing them in the incubator. 

Caskey. Gallup and Norris 1 prevented the development of the 
embryonic reduction in bone length due to manganese deficiency 
by feeding the hens manganous carbonate. They also showed that 
one of the chief symptoms of perosis. which develops in normal 
chicks fed a manganese-deficient diet, is a reduction in the length of 
the leg and wing bones. Caskey and Norris 5 found that perosis 
fails to develop when normal chicks fed a manganese-deficient diet 
are injected intraperitoneally with manganous chloride. Lyons 
and Insko 3 and Gallup and Norris" reported that the eggs of hens 
fed a manganese-deficient diet contain markedly less manganese 
than those of hens fed an adequate diet. 

In further studies conducted at this laboratory it was found that 
frequently the chicks which hatched from the eggs of hens fed a 
low-manganese diet (0.00063% manganese) were ataxic. A group 
of 15 of these chicks, most of which were also micromelic, was 
placed in appropriate quarters for observation. During the first S 
weeks they were fed an adequate diet composed of 44.73% ground 
yellow corn, 20% degerminated yellow corn meal, 15% dried skim 


* Cooperative G.L.F. Exchange Follow. 

l Bverly, T. C., Titus, II. W., Ellis, X. R., and Landauer, W„ Proo. Soc. Exp. 


II too. and Med., 1035, .12, 1,>42. 

- Landauer, W., A not. lice., 19315, 04, 207. 

a Lyons, Malcolm, and Insko, W. M.. Jr., Kp. Apr. ICxp. Sta. Bel. 193,, 01. 
•i Caskey, C. D., Gallup, W. D„ and Norris, L. C., J. Xnlr., 1939, *•, <■ 

a Caske y, C. IX, and Norris, L. C., Prop. Sor. Exp. Biod. ami Med.. 1939, 40, 

' ,0P « Gallup, W. D., and Nor. is, L. C„ Pout. Set., 1939, 18, 83. 
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milk, 10 % meat scrap. 5 % dehydrated alfalfa meal. 2 .:>% casein. 
1.5 % steamed bone meal. 0.5% calcium carbonate. 0.5 % iodized 
salt. 0.25% cod liver oil (400 D per g) and 0.02% manganous 
carbonate. This diet contained 1.8% calcium. 0.9a % phosphorus 
and 0.01% manganese. After 8 weeks the chicks were fed a some- 
what similar diet containing 0.005% manganese. 

Eleven of these chicks. 8 females and 3 males, attained maturity 
and were continued on experiment until approximately 16 months of 
age. Six of the surviving females and 2 of the males were markedly 
I micromelic at the time of hatching. It was observed that the micro- 
1 melic chicks at no time showed any apparent recovery from this 
^ condition. 

| \ Measurements of the shanks, the ulna sections of the wings and of 
| l the keels of the micromelic females were made at 1 1 months of age 
’ j and compared with similar measurements of normal females of the 
| ) same breeding and of approximately the same age and weight. No 
'/ difference between the average Jjngths of the keels of these groups 
i of hens was found but significant differences were revealed between 
the average lengths of the shanks and the average lengths of the 
ulna sections of the wings. A preliminary report of these results 
together with those on the ataxic condition has been made by Caskey 
and Norris/ 

At the conclusion of the experiment the 6 micromelic females 
^ and 6 normal females of like breeding and of approximately the 
same age and weight were killed and their bones dissected and 
measured. The results of these measurements are given in Table I. 
A picture of one of the micromelic females is given in Fig. 1. 


. TABLE X. 

Eueci. of an Embryonic Manganese Defi-deney upon the Subsequent Bone Develop- 
meat of Chickens. 


Bone 

measured 


Sternum 

Femur 

Tibia 

Tarso-mctatarsns 

Humerus 

Radius 

Ulna 

Metacarpus 


Length 


Normal* 

hens. 

cm 


Micromelic f 
hens, 
cm 


Reduction 
in length, 
cp 


Significance of 
differencet 


13.70 

0.14 

12.90 

SAC 

T.S4 

T.OS 

7.92 

4 04 


13.60 

S.15 

10.96 

6.S7 

7.30 

6.30 
7.17 
3.90 


0.7 

m.s 

10.0 

ISA 

6B 

11.0 
9.5 
so 


332:1 

1110:1 

4999:1 

*124:1 

5S7-.1 

705:1 

S:1 


1 EXE- avg age 17 mo and avg tvt 2034 g. 
1 R.LR.. avg age 10 mo and avg vn 2032 g. 

• Odds as determined by “Student's'’ method (Z ' 


est). 


1 Co'key. C. IX, and Norris. L. C. J. Xvtr.. 1939. 17 . (Supplement , 10. 
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IJverly, Titus, Ellis and Landauer 1 and Landauer 3 reported the 
occurrence of micromelia of nutritional origin in chicken embryos 
and in newly hatched chicks. Later Lyons and Insko 3 observed 
micromelia in the embryos and newly hatched chicks of hens fed a 
diet deficient in manganese which was strikingly similar to that 
described by Bverly and associates and by Landauer. Lyons and 
Insko prevented the development of the abnormally shortened leg 
and wing bones by injecting manganese sulfate into the eggs just 
before placing them in the incubator. 

Caskey. Gallup and Norris 1 prevented the development of the 
embryonic reduction in hone length due to manganese deficiency 
by feeding the hens manganous carbonate. They also showed that 
one of the chief symptoms of perosis. which develops in normal 
chicks fed a manganese-deficient diet, is a reduction in the length of 
the leg and wing bones. Caskey and Norris 5 found that perosis 
fails to develop when normal chicks fed a manganese-deficient diet 
are injected intraperitoneally with manganous chloride. Lyons 
and Insko 3 and Gallup and Norris" reported that the eggs of hens 
fed a manganese-deficient diet contain markedly less manganese 
than those of hens fed an adequate diet. 

In further studies conducted at this laboratory it was found that 
frequently the chicks which hatched from the eggs of hens fed a 
low-manganese diet (0.00063% manganese) were ataxic. A group 
of 15 of these chicks, most of which were also micromelic, was 
placed in appropriate quarters for observation. During the first 8 
weeks they were fed an adequate diet composed of 44.73% ground 
yellow corn. 20% degerminated yellow corn meal, 15% dried skim 

* Cooperative G.L.F. Exchange Fellow. 

l Bverly, T. C., Titus, II. W., Ellis, N. R., and Landauer, W., Paoc. Soc. Exp. 
Biot., and Med., 1035, -t2, 13-42. 
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length of the sternum as a consequence of embryonic manganese 
deficiency. The difference in the effect of the embryonic manganese 
deficiency upon the bones of the legs and wings and upon the ster- 
num may be related to the fact that the former undergo considerable 
calcification during the latter stages of embryonic development 
whereas the sternum is almost entirely uncalcified at the time of 
hatching. 

Byerly and associates 1 reported that the anterior-posterior axis 
of the skulls of the micromelic chicken embryos which they exam- 
ined was markedly shortened. Both this group of investigators 
and Landauer 2 observed that some of the affected embryos hatched 
but Landauer 2 stated that the head was always normal. It has been 
observed at this laboratory, however, that some of the newly 
hatched chicks rendered micromelic by manganese deficiency during 
embryonic development also possessed brachycephalic heads. Several 
of the micromelic females which were sacrificed at 16 months of age 
in order to study the reduction in bone length wer<? still brachy- 
cephalic. This indicates that similar to the micromelia due to 
manganese deficiency the consumption of a diet adequate in man- 
ganese after hatching does not promote recovery from the brachy- 
cephalism. 

Summary. Chicks which are rendered micromelic during embry- 
onic development as a result of manganese deficiency do not re- 
cover from this condition when fed a diet adequate in manganese 
during a period of time greatly in excess of that required for the 
attainment of maturity. 
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Role of Vitamin G in Addison’s Disease.* 

Joseph F. Jenovese, Arnold E. Osterberg and Edward H. 

Rynearson. (Introduced by J. L. Bollman.) 

From the Division of Medicine, Mayo Foundation, Sochcster, Minn. 

The excretion of ascorbic acid in the urine of patients having 
Addison s disease has been studied by Siwe, 1 von Drigalski, 2 Geriola, 3 
Wilkinson and Ashford. 4 Using the method of Harris and Ray. 5 
all the aforementioned investigators found a state of vitamin C 

Abridgement of tliesis submitted by Dr. Jenovese to the Faculty of the 
Graduate School of the University of Minnesota in partial fulfillment of the 
requirements for the degree of Master of Science in Medicine. 
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A typical micromelic lien. 


The average length of the sterna of the micromelic “"females 
was only 0.7% less than that of the normal females. The difference 
in length was obviously of no significance. The difference between 
the average length of the metacarpi of the micromelic females and 
that of the normal females amounted to 8%, but it did not prove to 
be statistically significant when analyzed by “Student’s" method (Z 
test). All the other differences in bone length proved to be highly 
significant statistically. The tibiae and the tarso-metatarsi showed 
the most marked retardation in development, the tibiae being 15% 
shorter than the normal bones and the tarso-metatarsi 18.4% 
shorter. The shortening was somewhat greater than that pre- 
viously reported by Caskey, Gallup and Norris 4 in newly hatched 
chicks, but not as great as that reported by Landauer" or that re- 
ported by Lyons and Insko* for 21 -day embryos and newly hatched 
chicks. 

It is evident from these results that newly hatched chicks which 
become micromelic during embryonic development as a result of 
manganese deficiency do not recover from the micromelia when fed 
a diet containing an adequate amount of manganese during a period 
greatly in excess of that required for the attainment of maturity. 
No evidence was obtained, on the other hand, of a reduction in the 
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TABLE I. 

Vitamin C in Blood Plasma and Urine of G Normal (Control) Persons; Responses 
to Test Dose of Ascorbic Acid. 


Control 

Date 

Vitamin C 
in mg 
per 100 SI1 

Vitamin C 
24-hr 
urine, mg 

Vol., 
24-hr 
urine. Ml 

Vitamin C 
in 3-hr urine, 
mg, after 500 
mg test dose 
ascorbic acid 

Vol., 

3-hr 

urine, SB 

1 

2-3-39 

0.G9 

18.5 

1600 

3.6 

215 

O 

1-20 

1.15 

35.4 

800 

57.1 

110 

3 

1-21 

1.48 

58.2 

1100 

32.2 

410 

4 

1-20 

1.31 

30.4 

1500 

57.1 


5 

1-21 

0.57 

23.8 

1210 

13.3 

350 

G 

1-23 

0.97 

24.0 

1850 

5.8 

550 


effect on the 3-hour urinary excretion of vitamin C was observed. 
The blood urea was determined in all cases. 

The persons used as normal controls were all young physicians. 
They gave a history of having been free from recent acute infec- 
tions or gastrointestinal disorders. The results in each case are 
contained in Table I. 

Methods of Analysis. The method used for the determination of 
ascorbic acid in the urine was the technic recommended by Harris 
and Ray ; ascorbic acid in the blood was determined by the method 
of Taylor, Chase and Faulkner/ Both of these procedures were 
described in detail by Magnusson and Osterberg. 8 

Analysis of Results in Controls. The content of ascorbic acid in 
the blood plasma of the normal persons used as controls ranged from 
0.57 to 1.48 mg per 100 Ml of plasma. These values are in the 
normal range as reported by other workers. Similarly, the amounts 
of ascorbic acid excreted in the urine of the same (normal) persons 
in24 hours were normal, varying from 18.5 mg to 58.2 mg (Table I). 

The administration of a test dose of 500 mg of ascorbic acid 
resulted in a 3-hour urinary excretion ranging from 3.6 to 57.1 mg. 
Two subjects (1 and 6) gave results far below the normal response 
to be expected from this test (Table I). The other 4 subjects re- 
sponded normally. Harris and Ray found that the excretion of 
ascorbic acid in the urine following a test dose of 500 mg of 
ascorbic acid was usually 8 to 10 times the normal excretion in a 
3-hour period. 

Experimental Data. Of the 6 patients who had Addison’s disease, 
the patient in case 1 yielded entirely normal results (Table II). In 

■ Taylor, S. H. L., Chase, Dorrance, and Faulkner, J. SI., Biochcm. J., 193G, 
30, 1119. 

S Magnusson, Arlene E., and Osterberg, A. E., Proc. Staff Meet., Mano Clin., 
193S, 13, 700. 
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deficiency in the cases studied. Wilkinson and Ashford concluded 
that not only was there a definite deficiency in vitamin C associated 
with cases of Addison's disease, but that a parallelism existed between 
the degree of deficiency and the severity of the disease. Sendroy 
and Miller" made studies on the combined clearances of urea and 
ascorbic acid of S patients having nephritis and concluded that a 
relationship existed between the renal efficiency as indicated by the 
clearance of urea and the amount of ascorbic acid excreted. They 
suggested that in the presence of Addison’s disease in which a 
functional renal insufficiency exists, the deficiency in the excretion of 
vitamin C is caused by the renal insufficiency rather than by a state 
of vitamin C subnutrition. In addition they found a parallelism 
between the values of urea clearance and the amount of vitamin C 
excreted in the urine. 

The present study was undertaken to investigate further the role of 
vitamin C in Addison’s disease by correlating the ascorbic acid con- 
tent of the blood with the urb’tr^y excretion of vitamin C in 6 
patients having Addison’s disease. The studies on urinary excretion 
were made according to the method of Harris and Ray. utilizing a 
test dose of 500 mg of ascorbic acid. The ascorbic acid content in 
the blood plasma was determined simultaneously with studies of the 
urine. The blood urea was determined in every instance and, in 
4 of the cases, studies of the clearance of urea were made. The in- 
vestigations were carried out when the patients were first seen and 
the results reported herein represent the state of vitamin C nutrition 
that the patients had when they presented themselves for diagnosis. 
Owing to the fact that the patients were able to stay only a short 
time, it was possible to carry out saturation studies in only one in- 


stance. 

Procedure. The subjects were 6 patients with Addison's disease 
and 6 normal persons as controls. One additional subject with a 
history of having ingested a diet low in vitamin C for 5 months was 
also studied. Essentially, the plan of study in each case was to deter- 
mine first the content of ascorbic acid in the blood plasma in the 
fasting state. Then the 24-hour urinary excretion of ascorbic acid 
was determined. To determine the states of vitamin C saturation, the 
subjects received a test dose of 500 mg of ascorbic acid and the 


1 give, Sturc, Klin, ll'chnschr., 1035, 14, 1311. 

■J von Drigalski, Wolf, Klin. TTchuschr., 1935, 14, 33S. 

3 Geriola, F., Minerva mod., 1937, 2, G42. 

4 Wilkinson, J. F., and Ashford, C. A., Lancet, 1930, 2, 96i. 
r. Harris, L. J., and Ray, S. N., Lancet, 1935, 1, 71. 

r, Sendroy, Julius, Jr., and Miller, B. F., J. Chn. Invest., 1939, 18, 13o. 
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table m. 

Bata from B^raiM Stud; - of Ca'<* 6 
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1 39 
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1 31 

$J9 
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2 1 

cyj_ — 

1373 




The observations made in this particular case (Tabie III) would 
suggest that perhaps the urinary excretion of vitamin C alone cannot 
be taken as an adequate criterion for the diagnosis of vitamin C 
subnutrition The blood plasma value of the vitamin was normal in 
all cases studied and vet studies of urmarv excretion revealed a low 
excretion of the vitamin. 

Summary and Conclusions The blood plasma values for ascorbic 
acid in the 6 patients who had Addisons disease that were studied 
were within normal range The urinary excretion of ascorbic acid 
during a 24-hour period was low. On the basis of the results 
obtained, it would seem that the urinarv excretion of ascorbic acid 
alone cannot be used as an index of v itamin C deficiency in instances 
of Addison's disease 
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TABLE II. 

Data from G Cases of Addison’s Disease. 


Case 

Vitamin G in Vitamin C 
plasma, tup 24-lir 

per 100 Ml urine, mg 

Vol., 
24-lir 
urine, Ml 

Vitamin C 
in 3-Iir urine, 
mg, after 500 
mg test dose 
ascorbic acid 

Vol., 

3- hr 

urine, Ml 

1 

1.37 

20.1 

2420 

103.50 

GOO 

i> 

0.05 

10.4 

2730 

1.34 

3G5 

3 

1.22 

5.01 

1000 

33.70 

100 

4 

0.71 

13.1 

025 

2.02 

148 

<7 

0.91 

10.0 

1100 

4.40 

427 

G 

1.15 

7.84 

1200 

4.4 

100 


this case the history of Addison’s disease was of short duration. In 
addition, there was a history of a more than adequate daily intake 
of vitamin C in the form of a pint or more of tomato juice. 

In the other 5 cases studied (Table II) the ascorbic acid in the 
blood plasma was also normal or high normal. However, in these 
cases the amounts of ascorbic acid excreted by the patients in the 
urine during 24 hours were definitely lower than normal. The 
values ranged from 5.01 mg to 13.1 mg. According to our normal 
control subjects and the results reported by others, the normal range 
of the urinary excretion of ascorbic acid per 24 hours is between 
20 and 30 mg. Wilkinson and Ashford reported this same obser- 
vation on the urinary excretion of ascorbic acid in the cases of 


Addison’s disease that they studied. 

The patient in case 6 (Table III) was observed over a longer 
period than were the other patients. The daily urinary excretion 
of ascorbic acid of this patient remained low until 500 mg of 
ascorbic acid was administered intravenously. The excretion value 
following this procedure increased to 26 mg per 24 hours. Three 
days after the initial intravenous dose of ascorbic acid had been 
administered, 500 mg of ascorbic acid was given orally and 500 mg 
was administered intravenously. The next 3-hour urine specimen 
contained 195 . 7 mg of ascorbic acid and during the following 21 
hours 44S.7 mg was excreted, making a total excretion of 644.4 mg 
for the 24-hour period, or approximately 65% of the amount ad- 
ministered to the patient. It would seem that the tissues of this 
oatient must have been saturated with vitamin C to permit such an 
excretion in 24 hours, yet 5 days after this observation the 24-hour 
snecimen of urine of this patient contained only 16 mg of ascorbic 
acid. The blood plasma the next day contained 2.01 mg of ascorbic 
acid! a value which is decidedly above the threshold value of 1.4 mg 
reported in the literature. 
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effects of NaCl, KC1, fluids, and adrenal cortical hormone upon rats 
poisoned with several non-specific toxic agents, including iodo- 
acetate. 

Four groups of 10 rats each were divided into 2 subgroups aver- 
aging ca 150 g per rat, each group receiving subcutaneously 50 and 
SO mg per kg of sodium iodoacetate, respectively. This dosage is 
distinctly a lower level than the 100-120 mg level employed by 
Laszt. The rats were fasted and placed on the following ad hbituui 
drinking fluids: (1) tap water, (2) 0.6% NaCl, 0.2% Na Citrate, 
(3) 0.2% KC1, and (4) tap water. Each group was given by 
stomach-tube 1 cc per sq decimeter of body surface of the following 
fluids: (1) tap water, (2) 1% NaCl, 0.1 N NaHCOa (ratio of 
3:1) or 0.6% NaCl, 0.2% Na Citrate, (3) 1% KCI. and (4) tap 
water. The latter group was injected subcutaneously with Upjohn 
adrenal cortical extract, assaying 2.5 Cartland-Kuizenga rat units' 
per cc, at a level of 1 cc per rat at the time of administering iodo- 
acetate, and again 4 hr later. The stomach-tubed fluids were given 
4 hours before iodoacetate, at the same time as iodoacetate, and 
every four hours thereafter. Rectal temperatures were taken on all 
animals every 4 hours, and were seen to drop to approximately 
95° F 4 hours after iodoacetate. Eight hours after the 50 mg level 
of iodoacetate, the NaCl group had nearly regained normal body 
temperature, with complete return in 12 hours; while all the other 
groups were still below 96°F at this time. All rats displayed mus- 
cular weakness progressing to collapse during the height of the 
effects of iodoacetate. and marked edema and inflammation at the 
site of injection, hemorrhagic diarrhea and hematuria. The NaCl 
group had a marked thirst for the NaCl-Na Citrate drinking fluid, 
and after 12 hours of fasting, the group which received the SO mg 
level of iodoacetate had gained 37 g, showing a generalized edema. 

The groups which received the SO mg level all died within 8 hours 
except the NaCl group which survived, with return from 95° 
temperature to 9S 3 within 20 hours. Potassium chloride decreased 
survival time, while cortin had no beneficial effects as compared with 
the controls on tap water. Another experiment, using 12 rats, was 
performed, in which survival times of cortin-treated and control 
iodoacetate-poisoned rats were compared for survival. More cor- 
tical extract was used than in the previous experiment (Wilson 
extract, assaying 1 d' Armour Unit per 0.1 cc, 0.2 cc per 100 g body 
weight. Rats weighed av. 325 g), and was given at the time of 
administration of iodoacetate, and again 6 hours later. No effects 
Cortland, G. F., and Kuizenga, M. II., J. Biot. Clu m.7S»3C, 110, 37. 
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Effects of Salts and Adrenal Cortical Extracts upon Xoxicity 

of Drugs. 

William G. Clark axij Richard Id. Barxes. (Introduced by 
Maurice B. Visscher.) 

1'rotn the Dt part meats of Zoolorm and Physiology, University of Minnesota, 

Mtn iieapohs. 


\ vry.hr nntl his coworkers 1 in discussing the possible relationships 
between the adrenal cortex and fat, carbohydrate, and electrolyte 
metabolism, have postulated that the adrenal cortex controls a wide 
number of metabolic processes by regulating phosphorylation 
processes. 

One of the primary arguments of these workers is that the effects 
of iodoacetate poisoning seemed to reproduce some of the symp- 
toms of adrenal insufficiency, such as impaired selective intestinal 
absorption of glucose, muscular asthenia, steatorrhea, lowered body 
temperature, fluid loss by diarrhea, etc. These effects are ascribed to 
a specific inhibitory action of iodoacetate upon phosphorylation. 

Laszt'' has found that NaCl therapy antagonizes the iodoacetate 
effects in the intact rat, with respect to fatal toxicity, and impaired 
intestinal glucose absorption. This observation was offered as a pos- 
sible explanation of some of the beneficial effects of NaCl therapy in 
adrenal insufficiency. 

It appeared possible that this so-called “experimental adrenal in- 
sufficiency" produced by iodoacetate, could be explained on another 
basis than by specific inhibition of phosphorylations. This possibility 
was brought to our attention by the well known efficacy of NaCl, base, 
and fluid therapy in many toxic conditions, such as in mercury poi- 
soning, ’ in which fluids are lost by emesis and diarrhea, and uremia 
ensues as a result of kidney damage. Such toxic agents could not be 
expected specifically to inhibit phosphorylations under the control of 
the adrenal cortex, although some of them may produce changes 
which have been termed symptoms of the “alarm reaction ’ by 
Selye and his coworkers . 4 For this reason, we have investigated the 

1 Yerzar, F., Vie 1’unl t wn der Xetien nierrn ri mle, Basel, Benno Schvabe & Co., 
1930; Absorption from the Intestine, Longmans, Green & Co., K. Y., 1036. 

- Laszt, L., X nt lire, 1939, 144, 244. 

a Haskell, C. C., Carder, J. It , and Coffindaffer, R. S., J. Am. Med. Assn., 1023, 

\ g e lyc, II., Arch tv. Intcrnat. Pharm. Ther&p., 1937, 55, 431; Am. J. Physiol., 
1938, 123, 75S. 
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effects of NaCl, KC1, fluids, and adrenal cortical hormone upon rats 
poisoned with several non-specific toxic agents, including todo- 
acetate. 

Four groups of 10 rats each were divided into 2 subgroups aver- 
aging ca 150 g per rat, each group receiving subcutaneously 50 and 
SO mg per kg of sodium iodoacetate, respectively. This dosage is 
distinctly a lower level than the 100-120 mg level employed by 
Laszt. The rats were fasted and placed on the following ad libitum 
drinking fluids : (1) tap water, (2) 0.6% NaCl, 0.2% Na Citrate, 
(3) 0.2% KC1, and (4) tap water. Each group was given by 
stomach-tube 1 cc per sq decimeter of body surface of the following 
fluids: (1) tap water, (2) 1% NaCl, 0.1 N NaHCO r , (ratio of 
3:1) or 0.6% NaCl, 0.2% Na Citrate, (3) 1% KC1. and (4) tap 
water. The latter group was injected subcutaneously with Upjohn 
adrenal cortical extract, assaying 2.5 Cartland-Kuizenga rat units 5 
per cc, at a level of 1 cc per rat at the time of administering iodo- 
acetate, and again 4 hr later. The stomach-tubed fluids were given 
4 hours before iodoacetate, at the same time as iodoacetate, and 
every four hours thereafter. Rectal temperatures were taken on all 
animals ever}' 4 hours, and were seen to drop to approximately 
95 °F 4 hours after iodoacetate. Eight hours after the 50 mg level 
of iodoacetate, the NaCl group had nearly regained normal body 
temperature, with complete return in 12 hours; while all the other 
groups were still below 96° F at this time. All rats displayed mus- 
cular weakness progressing to collapse during the height of the 
effects of iodoacetate, and marked edema and inflammation at the 
site of injection, hemorrhagic diarrhea and hematuria. The NaCl 
group had a marked thirst for the NaCl-Na Citrate drinking fluid, 
and after 12 hours of fasting, the group which received the SO mg 
level of iodoacetate had gained 37 g, showing a generalized edema. 

The groups which received the SO mg level all died within 8 hours 
except the NaCl group which survived, with return from 95° 
temperature to 98° within 20 hours. Potassium chloride decreased 
survival time, while cortin had no beneficial effects as compared with 
the controls on tap water. Another experiment, using 12 rats, was 
performed, in which survival times of cortin-treated and control 
iodoacetate-poisoned rats were compared for survival. More cor- 
tical extract was used than in the previous experiment ( Wilson 
extract, assaying 1 d'Armour Unit per 0.1 cc. 0.2 cc per 100 g body 
weight. Rats weighed av. 325 g). and was given at the time of 
administration of iodoacetate, and again 6 hours later. No effects 

Cartinnd, G. F., and Kaizen ga, M. 11., Slot. Client., IP3(TllO, 7,7. 
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on survival were obtained, thus confirming the previous result that 
cortin seems to have no beneficial effect on iodoacetate-poisoning. 

Colchicine has been used by Leklond and SagaP in a study of 
Sclyc's alarm reaction in rats. Tlicre are, however, no reasons to 
believe that this drug is a specific inhibitor of phosphorylations. 

Preliminary experiments indicated that the minimal lethal dose 
of subcutaneously administered colchicine is less than 1 mg per kg, 
death being delayed. Food was offered ad libitum in the experiments 
with colchicine. Pathological symptoms were: collapse, weakness, 
lowered body temperature, hemorrhagic diarrhea and hematuria, 
loss of muscular tone, and poor muscular control. 

Two levels of colchicine were given, 1 and 2 mg per kg, and es- 
sentially the same types of salt and fluid medication as described 
for the iodoncclate experiments. On the 2 mg level, in contrast to 
tlie iodoacetate results, KCl and cortin, as well as NaCl, exerted a 
beneficial effect as compared with the controls, with respect to body 
temperature, general activity, and survival. NaCl and cortin, es- 
pecially the latter, exerted more marked effects. Fig. 1 illustrates 
the effect of NaCl and cortin on body temperature. It is noticed 
that the NaCl and especially the cortin groups nearly regain normal 


Effect of HoO, 



NaCl-citratc, KCl, and Cortin Administration on Body 
of Colchicine-Poisoned Pats. _______ 


Temperatures 


BioU raris ' 193S ' 128, 995 ' 
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temperatures, although the effects were not permanent at this level of 
colchicine. At the lower level of colchicine, the same results were 
obtained, except that several of the NaCl, KC1, and cortin animals 
survived indefinitely, whereas all the controls died. 

Preliminary results demonstrated a minimal lethal dose of 10 mg 
per kg of subcutaneously administered HgCh in rats. Death was 
markedly delayed, hence food was offered. Four groups of rats, 
averaging ca 240 g, were injected with 20 mg per kg of HgCh, thus 
a lethal dose. The groups were treated essentially as in the previous 
experiments, except that the hormone was given as subcutaneously 
administered desoxycorticosterone acetate in oil (“Doca”) instead 
of cortical extract. One mg in oil was injected 0, 12, 24, 34, 43, 43 
hr, and 2 mg at 51, 58, and 68 hr. The stomach-tubed fluids were 
administered at 24, 30, 35, 45, 60, 69, 80, 92, 104, 164, and 192 hr. 
Potassium chloride was definitely toxic to HgCl 2 poisoned rats, 
while “Doca” had no effect. The general symptoms were quite 
similar to those in iodoacetate poisoning except that death was 
delayed. All but one of the NaCl group had nearly regained normal 
weight within 2 weeks, and survived indefinitely. All others died ; 
the KCI group first, followed by the “Doca” group, then the controls. 

In summary, Fig. 2 shows the pooled results, with respect to sur- 
vival times of rats poisoned with all 3 toxic agents. The top row of 
figures shows indefinite survival in all groups on the 50 mg level of 
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on survival were obtained, thus confirming the previous result that 
cortin seems to have no beneficial effect on iodoacetate-poisoning. 

Colchicine has been used by Lebiond and Sagal 0 in a study of 
Selye’s alarm reaction in rats. There are, however, no reasons to 
believe that this drug is a specific inhibitor of phosphorjdations. 

Preliminary experiments indicated that the minimal lethal dose 
of subcutaneously administered colchicine is less than 1 mg per kg, 
death being delayed. Food was offered ad libitum in the experiments 
with colchicine. Pathological symptoms were: collapse, weakness, 
lowered body temperature, hemorrhagic diarrhea and hematuria, 
Joss of muscular tone, and poor muscular control. 

Two levels of colchicine were given, 1 and 2 mg per kg, and es- 
sentially the same types of salt and fluid medication as described 
for the iodoacetate experiments. On the 2 mg level, in contrast to 
the iodoacetate results, KC! and cortin, as well as Na Cl, exerted a 
beneficial effect as compared with the controls, with respect to body 
temperature, general activity, and survival. NaCl and cortin, es- 
pecially the latter, exerted more marked effects. Fig. 1 illustrates 
the effect of NaCl and cortin on body temperature. It is noticed 
that the NaCl and especially the cortin groups nearly regain normal 
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Transfer of Radioactive Sodium Across the Placenta of the Cat A 

Louis B. Flexner and Herbert A. Pohl. (Introduced by C. G. 

Hartman. ) 

From the Department of Anatomy, The Johns Hoplins University. 


Radioactive sodium, Na«(, was prepared by use of the electro- 
static pressure generator of the Department of Terrestrial Mag- 
netism, Carnegie Institute of Washington. Samples emitting about 
10" beta-rays per second were injected intravenously, as the chloride, 
into pregnant cats. At various intervals of time after injection, 
fetuses were removed by Caesarian section and a sample of blood 
taken from the mother. The radioactivity of the samples, in terms 
of beta-particles per second, was measured by a pressure ionization 
chamber and string electrometer, using the method previously de- 
scribed. 1 

Typical data are presented in Tables I and II. Analysis of these 
data reveal the following relationships : 

1. Table I. The fetus near term comes to within 10% of a 
limiting equilibrium value with respect to sodium ion in the mater- 
nal plasma only after 12 to 18 hours. This is in striking contrast 
to the extracellular fluid of the mother which comes to the same 
value in about 4 minutes. 2 

2. Table II, column 6. The rate of transfer across the placenta 
per unit weight of placenta is very low in early stages of pregnancy 
(gestation age, 15 to 20 days) but increases in linear manner to a 

TABLE I. ___ 

Delivery time 
of fetus after 


injection of 
hours 

Fetal wt, g 

Bet as/scc/ 
total fetus* 

Betns/sce/ 
g fetus 

1.0 

132 

2.11 

.0100 

C.7 

110 

11.0 

.102 

10.0 

Oli 

19.3 

.206 

23.5 

130 

26.0 

.200 


*In each instance tlie number of beta-particles per second emitted by tbc 
sample (in all directions) lias been corrected for background and radioactive decay 
and to unit activity of tlie maternal Wood plasma. This makes tbc data from tlie 
several experiment’s immediately comparable. 

These fetuses lmve a gestation age of So days or over. 

* Aided bv a grant from the Rockefeller Foundation Fluid Research Fund of 
the School of Medicine, Johns Hopkins University. 

' Flexner, L. B.. and Roberts. R. B., Am. J. riiynol., 1939, 12 S. 1.14. 

- Heresy, G., J. Client. Hoc., IMP, 15)39. 1213. 
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iodoacetatc. The second row shows the marked life-maintaining 
effect of NaCl therapy in the case of lethal doses of iodoacetate, and 
lack of effect of cortin, while KC1 seems somewhat toxic. The 
fourth row illustrates the beneficial effects of cortin in fatal col- 
chicine poisoning. The last row of figures illustrates the toxicity 
of IvCI. benefits of NaCl, and lack of effects of “Doca” in mercury 
poisoning. Temperature trends showed the same results as survival 
data, and in some cases revealed beneficial or detrimental effects 
much better throughout the entire study, except in the case of 
mercury poisoning. 

Shorr, Ilarker, and Malam 7 questioned the specific inhibition of 
phosphorylation by iodoacetate during glucose oxidation. Wert- 
heimer.* 1 Klinghoffer, 9 Olmell and Holier, 10 and Doty and Eaton, 11 
have stated that iodoacetic acid has no effect upon intestinal absorp- 
tion of sugar, salts, and amino acids by any specific inhibitory action, 
but does so if present in grossly pathological quantities, in which the 
toxic symptoms described in this paper would result. Most workers 
have used much larger doses than we have employed. Verzar and 
his coworkers have used impaired intestinal glucose absorption as 
a criterion of adrenal insufficiency, and have extended reasoning 
obtained in such experiments to other experiments in which phos- 
phorylation in general is claimed to become impaired in adrenalec- 
tomized animals. The data we have presented in addition to the 
quoted references seem to us to constitute an argument against 
comparing the non-specific pathology of iodoacetate poisoning with 
the symptoms seen in the adrenal insufficiency syndrome. 

" Slmrr. E„ Barker, S. B., ami Mnlnm, it., Science, 1938, 87, 108. 

K Wertheimer, E., Archie. yes. Physiol., 1933, 238, 014. 

(• KlingliofTcr, K. A., J. Jliol. C 'hem., 193S, 120, 201. 
l» Olmell, I?., and Holier, II., J. Cell, mill Comp. Physiol., 1939, 13, 101. 
ll Doty. J. H., and Eaton, A. G„ .12nd Proe. Am. Physiol. Soc., 1940, p. 50. 
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Transfer of Radioactive Sodium Across the Placenta of the Cat. 5 ' 

Lotus B. Flexxer and Herbert A. Pohl. (Introduced by C. G. 

Hartman.) 

From the Department of Anatomy, The Johns Hopkins University. 


Radioactive sodium, Na, t , was prepared by use of the electro- 
static pressure generator of the Department of Terrestrial Mag- 
netism, Carnegie Institute of Washington. Samples emitting about 
10 s beta-rays per second were injected intravenously, as the chloride, 
into pregnant cats. At various intervals of time after injection, 
fetuses were removed by Caesarian section and a sample of blood 
taken from the mother. The radioactivity of the samples, in terms 
of beta-particles per second, was measured by a pressure ionization 
chamber and string electrometer, using the method previously de- 
scribed. 1 

Typical data are presented in Tables I and II. Analysis of these 
data reveal the following relationships : 

1. Table I. The fetus near term comes to within 10 % of a 
limiting equilibrium value with respect to sodium ion in the mater- 
nal plasma only after 12 to 18 hours. This is in striking contrast 
to the extracellular fluid of the mother which comes to the same 
value in about 4 minutes. 2 

2. Table II, column 6. The rate of transfer across the placenta 
per unit weight of placenta is very low in early stages of pregnancy 
(gestation age, 15 to 20 days) but increases in linear manner to a 


TABLE X. 


Delivery time 
of fetus after 
injection of Xn»j, 
iiours 

Fetal vt, g 

Betas/sec/ 
total fetus* 

Betas/sec/ 
g fetus 

X.O 

132 

2.11 

.0100 

0.7 

110 

11.9 

.102 

10.0 

00 

10.3 

.200 

23.0 

130 

20.0 

.2^0 


# In each instance the number of beta-particles per second emitted by t lie 
sample (in all directions) lias been corrected for background and radioactive decay 
and to unit activity of the maternal blood plasma. This makes the data from the 
several experiments immediately comparable. 

Tbe«c fetuses have a gestation age of 35 days or over. 

* Aided by a grant from the Rockefeller Foundation Fluid Research Fund of 
the School of Medicine, Jolms Hopkins Fnivcrrify. 

1 Flexner, L. B.. and Roberts. R. 13.. Am. J. PUij mo!., 1939, 128, 154. 

- Hereby. G., .7. Chcm. Soc., 1939, 2213. 
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iodoacetate. The second row shows the marked life-maintaining 
effect of NaCl therapy in the case of lethal doses of iodoacetate, and 
lack of effect of cortin, while KC! seems somewhat toxic. The 
fourth row illustrates the beneficial effects of cortin in fatal col- 
chicine poisoning. The last row of figures illustrates the toxicity 
of KCI, benefits of NaCl, and lack of effects of “Doca” in mercury 
poisoning. Temperature trends showed the same results as survival 
data, and in some cases revealed beneficial or detrimental effects 
much better throughout the entire study, except in the case of 
mercury poisoning. 

Sliorr, Barker, and Malam 7 questioned the specific inhibition of 
phosphorylation by iodoacetate during glucose oxidation. Wert- 
heimer ,' 5 Klinghoffer ,' 1 Olincll and Holier , 10 and Doty and Eaton , 11 
have stated that iodoacetic acid has no effect upon intestinal absorp- 
tion of sugar, salts, and amino acids by any specific inhibitory action, 
but does so if present in grossly pathological quantities, in which the 
toxic symptoms described in this paper would result. Most workers 
have used much larger doses than we have employed. Verzar and 
his coworkers have used impaired intestinal glucose absorption as 
a criterion of adrenal insufficiency, and have extended reasoning 
obtained in such experiments to other experiments in which phos- 
phorylation in general is claimed to become impaired in adrenalcc- 
tomized animals. The data we have presented in addition to the 
quoted references seem to us to constitute an argument against 
comparing the non-specific pathology of iodoacetate poisoning with 
the symptoms seen in the adrenal insufficiency syndrome. 

TsTiorr. E„ Barker, P. B., ami Malam, M., Science, 1938, 87, ICS. 

8 Wertheimer, K., .irchir. pcs. Physiol., 1933, 233, 314. 

0 Kliiiplioffer, IC. A., ,7. Biol. Chcm., 1938, 120, SOI. 
in Olmcll, It., anil Holier, I!.. J. Cell, it nil Comp. Phiixiol., 1939, 13, 101. 
ll Doty. J. It., and Eaton, A. G„ 52nd I’roc. Am. Physiol. Poe., 1940, 50. 
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Transfer of Radioactive Sodium Across the Placenta of the Gat.' 

Louis B. Flexxer and Herbert A. Pohl. (Introduced by C. G. 

Hartman.) 

From the Department of Anatomy, The Johns Bo pi' ins University. 

Radioactive sodium, Na !4 , was prepared by use of the electro- 
static pressure generator of the Department of Terrestrial Mag- 
netism, Carnegie Institute of Washington. Samples emitting about 
10 D beta-rays per second were injected intravenously, as the chloride, 
into pregnant cats. At various intervals of time after injection, 
fetuses were removed b) r Caesarian section and a sample of blood 
taken from the mother. The radioactivity of the samples, in terms 
of beta-particles per second, was measured by a pressure ionization 
chamber and string electrometer, using the method previously de- 
scribed. 1 

Typical data are presented in Tables I and II. Analysis of these 
data reveal the following relationships : 

1. Table I. The fetus near term comes to within 10 %> of a 
limiting equilibrium value with respect to sodium ion in the mater- 
nal plasma only after 12 to 18 hours. This is in striking contrast 
to the extracellular fluid of the mother which comes to the same 
value in about 4 minutes , 2 

2, Table II, column 6. The rate of transfer across the placenta 
per unit weight of placenta is very low in early stages of pregnancy 
(gestation age, 15 to 20 days) but increases in linear manner to a 


TABLE i. 


Delivery time 
of fetus after 
injection of JCa 2 . 
hours 

if 

Fetal \vt, g 

Bet a s/sec/ 
total fetus* 

Befas/see/ 
g fetus 

1.0 

132 

2.11 

.0100 

G.~ 

116 

11.0 

.102 

19.0 

90 

19.3 

.200 

23.3 

130 

2G.0 

.200 


*I»i each instance the number of beta-particles per second emitted by tbe 
sample (in all directions) lias been corrected for background and radioactive decay 
and to unit activity of the maternal Wood plasma. This makes the data from the 
several experiments immediately comparable. 

These fetuses have a gestation age of 55 days or over. 

' Aided by a grant from the Rockefeller Foundation Fluid Research Fund of 
the Fehool of Medicine, .Tolms Hopkins University. 

1 Flc-vner, L. B„ and Roberts, ]?. B„ Am. .7. Physiol., 193b, 128, 1.14. 

-Heresy, G., J. Chrm. Hoc., 1039, 1SKJ9, 1213. 
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iodoacetatc. The second row shows the marked life-maintaining 
effect of NaCI therapy in the case of lethal doses of iodoacetate, and 
lack of effect of cortin, while KC1 seems somewhat toxic. The 
fourth row illustrates the beneficial effects of cortin in fatal col- 
chicine poisoning. The last row of figures illustrates the toxicity 
of KC1, benefits of NaCI, and lack of effects of “Doca” in mercury 
poisoning. Temperature trends showed the same results as survival 
data, and in some cases revealed beneficial or detrimental effects 
much better throughout the entire study, except in the case of 
mercury poisoning. 

Shorr, Barker, and Malam 7 questioned the specific inhibition of 
phosphorylation by iodoacetate during glucose oxidation. Wert- 
heimer, 6 Klinghoffer," Ohnell and Holier, 10 and Doty and Eaton, 11 
have stated that iodoacetic acid has no effect upon intestinal absorp- 
tion of sugar, salts, and amino acids by any specific inhibitory action, 
but does so if present in grossly pathological quantities, in which the 
toxic symptoms described in this paper would result. Most workers 
have used much larger doses than we have employed. Verzar and 
his coworkers have used impaired intestinal glucose absorption as 
a criterion of adrenal insufficiency, and have extended reasoning 
obtained in such experiments to other experiments in which phos- 
phorylation in general is claimed to become impaired in adrenalec- 
tomized animals. The data we have presented in addition to the 
quoted references seem to us to constitute an argument against 
comparing the non-specific pathology of iodoacetatc poisoning with 
the symptoms seen in the adrenal insufficiency syndrome. 

" .Shorr, £., Barker, R. 15.. and Malam, M., Science, 1038, 87, 1IIS. 

X Wertheimer, K., Archie, lire. Physiol., 1033, 2-'53, ."ill. 

I' Kliiifihoffer, K. A., J. JIM. Chcm., 103S, 120, 201. 
in Ohm-11, I?., and Holier, It., ,/. Cell, find Co m/i. Physiol., 1030, 13, 1(51. 
ll Doty. .1. It., and Eaton, A. G., ,72nd Froc. Am. Physiol. Roc., 1040, p. 30. 
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Specific Nature of Complement Fixing Antibody in Malaria as 
Demonstrated by Absorption Tests. 

A xx a Dean Dulaney and Warren K. Stratman-Thomas. 
(Introduced by O. S. Gibbs.) 

From the Department of Bacteriology and the Department of Preventive Medicine , 
University of Tennessee College of Medicine. 


We 1 have confirmed the demonstration by Coggeshall and Eaton"’ 3 
of a specific complement fixation reaction in malaria employing P. 
knoxdcsi antigens. The parasites were washed as free as possible of 
hemoglobin and other blood constituents and dried in vacuo. When 
ready for use a standardized amount was rehvdrated with physio- 
logical saline, frozen and thawed, and the supernatant fluid used as 
antigen. 

We have tested sera from S3 patients in whose blood malaria 
parasites were demonstrated. Seventy-two percent gave a positive 
complement fixation for malaria at some time during the course of 
the disease. The positive reaction was correlated with the presence 
or recent presence of demonstrable parasites but not with the number 
of parasites. Our results show that a positive complement fixation 
reaction with our parasite antigen is probably diagnostic of malaria. 
However, a negative reaction does not rule out malaria. 

Sera from 134 individuals presumably free from malaria yielded 
127 negative and 7 weakly positive reactions read as 1-f- or ±. 
Fort} '-three of these sera were known to give a positive Wassermann 
reaction, 40, a negative Wassermann. One in each group gave a 
weakly positive reaction with the malaria antigen. It would appear 
that syphilis does not provoke non-specific reactions with the malaria 
parasite antigen. 

We have further shown that Wassermann negative patients who 
received induced malaria remained Wassermann negative throughout 
the course of their treatment, even after the}’ had developed a strong!}' 
positive reactivity for the malaria antigen. 

Absorption experiments also indicate distinct and unrelated anti- 
bodies since treatment of serum with either the malaria or Wasser- 
mann antigen removes the specifically reacting substance from that 

1 Stratman-Thomag, "Warren K., and Dulaney, Anna Dean, J . Trop. 

in press. 

2 Eagle. Harry, and Hogan, ftalph B,, J. Exp. 3Dv?., 1940, 71, 21 o. 

** Coggeshall, Dowell T., and Eaton, Monroe D., J. Exp. 3/W?., 1P3S. G7, 871. 
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value 60 times that of the early stage at a gestation age of 57 days. 
After this stage, the rate of transfer per unit weight of placenta 
decreases somewhat until term (62 days). 

3. Tabic II, coltirn/i 5. The rate of transfer to a unit weight of 
fetus, however, is high in early stages and falls with the duration of 
pregnancy. For example, the ratios of rates of transfer for gesta- 
tion ages of 15-20 days, 40 days and 60 days are 5.5 :2.5 : 1. The 
relatively high rate of transfer per unit weight of fetus in the 
youngest fetuses is accounted for by the large size of the placenta 
compared to that of the fetus (Table II, columns 2 and 3). 


table II. 


Gestation 

a K e 

days 

Fetal 
"'t, p 

Placental 
"'t, £ 

Betas/sec/ 

total 

fotus/hr* 

Betas/scc 

Bctns/scc/g transferred/g 
fotus/hr placenta/hr 


0gHH3i | 

■ 

|BS| HRM 



40 












57 


mm 




02 

132.0 

Hi 

mm 




'Corrected for background and radioactive decay, and to unit activity of the 
maternal blood plasma as in Table I. 


4. Using the data of Coronios, 3 a curve has been constructed 
relating the percentage daily increase in fetal weight to the fetal 
age. This curve parallels a curve relating the rate of transfer of 
Na., per unit weight of fetus to fetal age. It consequently appears 
that changes in rate of fetal growth in the cat are accompanied by 
parallel changes in rate of placental transfer per unit weight of fetus. 

The study presented here is part of a comprehensive investiga- 
tion now proceeding on the comparative physiology of the placenta 
as revealed by radioactive isotopes. 

We arc indebted to Dean B. Cowie of the National Cancer In- 
stitute for making the sodium bombardments with the Carnegie 

generator. 

.'i Corouios, J. D., Genetic Psychol. Monograph*, 1033, 14, 2S3. 
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Specific Nature of Complement Fixing Antibody in Malaria as 
Demonstrated by Absorption Tests. 

Axxa Dean Dulaxey axd Warrex K. Stratmax-T hoiias. 

(Introduced by O. S. Gibbs.) 

From the Department of Bacteriology and the Department of Preventive Medicine, 
University of Tennessee College of Medicine. 

We 1 have confirmed the demonstration by Coggeshal) and Eaton"’ 1 
of a specific complement fixation reaction in malaria employing P. 
kuowlcsi antigens. The parasites were washed as free as possible of 
hemoglobin and other blood constituents and dried in vacuo. When 
ready for use a standardized amount was rehydrated with physio- 
logical saline, frozen and thawed, and the supernatant fluid used as 
antigen. 

We have tested sera from 83 patients in whose blood malaria 
parasites were demonstrated. Seventy-two percent gave a positive 
complement fixation for malaria at some time during the course of 
the disease. The positive reaction was correlated with the presence 
or recent presence of demonstrable parasites but not with the number 
of parasites. Our results show that a positive complement fixation 
reaction with our parasite antigen is probably diagnostic of malaria. 
However, a negative reaction does not rule out malaria. 

Sera from 134 individuals presumably free from malaria yielded 
127 negative and 7 weakly positive reactions read as 1+ or rtr. 
Forty-three of these sera were known to give a positive Wassermann 
reaction, 40, a negative Wassermann. One in each group gave a 
weakly positive reaction with the malaria antigen. It would appear 
that syphilis does not provoke non-specific reactions with the malaria 
parasite antigen. 

We have further shown that Wassermann negative patients who 
received induced malaria remained Wassermann negative throughout 
the course of their treatment, even after they had developed a strongly 
positive reactivity for the malaria antigen. 

Absorption experiments also indicate distinct and unrelated anti- 
bodies since treatment of serum with either the malaria or Wasser- 
mann antigen removes the specifically reacting substance from that 

1 Stratmnn -Thomas, Warren R., and Dulaney, Anna Dean, Am. J. Trap. Med., 
in press. 

2 Eagle. Harry, and Hogan. Ralph B. f J. Exp. Med., 3940, 71, £1.7, 

•** Coggeshall, Dowell T., and Eaton, Monroe D., J. Exp. Med.. 193S. 07, S71. 
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value 60 times that of the early stage at a gestation age of 57 days. 
After this stage, the rate of transfer per unit weight of placenta 
decreases somewhat until term (62 days). 

3. Table II, column 5. The rate of transfer to a unit weight of 
fetus, however, is high in early stages and falls with the duration of 
pregnancy. For example, the ratios of rates of transfer for gesta- 
tion ages of 15-20 days, 40 days and 60 days are 5.5 :2.5 : 1. The 
relatively high rate of transfer per unit weight of fetus in the 
youngest fetuses is accounted for by the large size of the placenta 
compared to that of the fetus (Table II, columns 2 and 3). 


TABLE II. 


Gestation 

age 

days 

Petal 

"t, g 

Placental 
"'t, K 

Betas/sec/ 

total 

fotus/hr* 

Betas/sec 

Bctas/see/g transferred/g 
fetus/hr placenta/lir 


.15 

7 

0.013 



40 


17.7 





52.0 

13.5 

1.20 



07 


13.(5 

1.00 


.118 

GC 


25.4 

2.11 


.083 


“Corrected for background and radioactive decay, and to unit activity of the 
maternal blood plasma ns in Table I. 


4. Using the data of Coronios, 3 a curve has been constructed 
relating the percentage daily increase in fetal weight to the fetal 
age. This curve parallels a curve relating the rate of transfer of 
Na 2 i per unit weight of fetus to fetal age. It consequently appears 
that changes in rate of fetal growth in the cat are accompanied by 
parallel changes in rate of placental transfer per unit weight of fetus. 

The study presented here is part of a comprehensive investiga- 
tion now proceeding on the comparative physiology of the placenta 
as revealed by radioactive isotopes. 

We are indebted to Dean B. Cowie of the National Cancer In- 
stitute for making the sodium bombardments with the Carnegie 

generator. 

a Coronios, J. D., Genetic Psychol. Monographs, 1933, 14, 2S3. 
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TABLE I. 

Effect of Absorption with Wassermami, Malaria, and Normal Monkey Antigens on 
Reactivity of Serum for Wassermann and Malaria Antigen. 


Dilutions of serum 


Serum of patient dis. Antigen 

Undiluted 

1:2 

1:4 

1:8 

1:16 

1:32 1:64 

Untreated 

* 

4+ 

4+ 

4+ 

4+ 

2+ 




t 

4+ 

4+ 

4+ 

1+ 

— 



Diluted 1:2 with saline and 

*- 


4+ 

4+ 

3+ 

2 + 



filtered 

T 


4+ 

3+ 

— 

— 



Absorbed mth Kalin antigen, 

* 


4+ 

4+ 

3+ 

1+ 



diluted 1:2 with saline, 

t 


— 

— 

— 

.. 



filtered 








Absorbed with malaria 

¥■ 


3+ 

2+ 

i+ 





antigen 1 x (KAbj) 

t 


4+ 

4+ 


— 

*— 

Absorbed with malaria 

*■ 



1+ 



_ 

- _ 

antigen 2 \ (KAb>) 

t 



4+ 

— 

— 

— — 

Absorbed with malaria 

* 






_ — 

antigen 3 x (KAb 3 ) 

* 




— 

— 

— — 

Absorbed with normal mon- 

*■ 


4+ 

4+ 

4+ 

2+ 



key antigen 1 x (NAbj) 

t 


4+ 

4+ 

-4~ 


_ — 

Absorbed with normal mon- 

•* 



4+ 

3 + 

2 + 



key antigen 2 x (NAbo) 

t 



4+ 

1+ 


— — 

Absorbed with normal mon- 

* 




3+ 

1+ 



key antigen 3 x (NAb 3 ) 

t 









‘Malaria. 

tWassermann. 


tlie malaria antigen to a significant degree. (2) Absorption with 
the malaria antigen removes the malaria antibody without re- 
moval of the syphilitic reagin to a significant degree. (3) Ab- 
sorption with normal monkey red cell “antigen” does not affect the 
reactivity of the serum u ith either the Wassermann or the malaria 
antigen. 4. On the basis of this investigation the complement fixa- 
tion test for malaria would appear to be indicative of the presence 
of a specific malaria antibody in patients' sera. 5. The syphilitic 
reagin and the malaria antibody would appear to be distinct entities. 
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scrum without modification of its ability to fix complement in the 
presence of the other antigen. 

For these absorption experiments sera giving 4+ reaction with 
both the malaria and Wassermann antigens were used. We followed 
the procedure employed by Eagle" in absorption experiments on 
syphilitic sera using Wassermann and Reiter spirochetal antigens. 

'I he 5 sera tested were obtained from patients who had received 
induced malaria therapy for the treatment of paresis. Sera obtained 
from these patients prior to the malaria inoculation gave 4-f- Was- 
sermann reactions and no complement fixation with the malaria 
antigen. 

Each serum was divided into 5 portions. Part 1 (2 cc) was 
absorbed with the sediment from 2 cc of Kahn antigen which had 
been diluted with 3.5 cc of saline and centrifuged. After incuba- 
tion for 2 hours at 37.5°C and overnight in the ice box 2 cc of 
physiological saline were added. Removal of the lipoidal particles 
was accomplished by centrifugation at high speed and subsequent 
filtration through a micro-Seitz filter. Part 2 (2 cc) was diluted with 
an equal volume of physiological saline and served as a control for 
the filtering process to which Part 1 was subjected. Part 3. (2 cc) 
was combined with an equal volume of the undiluted P. kiiowh'si 
antigen, prepared in our routine manner. After incubation for 2 
hours at 37.5 \ the mixture was centrifuged and the supernatant 
fluid removed. One cc (KAb,) was set aside for testing and the 
remainder used for a second absorption with the undiluted antigen. 
In some cases this process was repeated again and the final mixture 
of serum and antigen left in the ice box overnight when it was 
centrifuged and the supernatant fluid (KAb,) removed for test- 
ing. Part 4 (2 cc) was absorbed 2 or 3 times with an antigen 
prepared from red blood cells of normal monkeys to rule out species 
factors which might influence the reaction with the malaria antigen. 
Part 5 was used as the untreated serum control. 

Complement fixation tests on non-absorbed and absorbed portions 
of the sera were done at the same time with Wassermann antigen 
and our P. kmnvlcsi malaria antigen. The procedure employed for 
our routine complement fixation tests was followed. Serum and 
antigen controls were included. Table I gives the detailed results 
obtained with the serum of patient DIS. Other sera yielded similar 

data. 

These results show: (1 ) Absorption with the Wassermann anti- 
<r C n removes the so-called syphilitic reagin. responsible for the positive 
Wassermann test without affecting the reactivity of the serum with 
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TABLE I. 


Effect of Absorption with Wassermann, Malaria, and Normal Monkey Antigens on 
Reactivity of Serum for Wassermann and Malaria Antigen. 


Serum of patient dis. Antigeu 


Dilutions of serum 


Undiluted 

1:2 

1:4 

1:8 

1:16 

1:32 1:64 

Untreated 

* 

4+ 

4+ 

4+ 

4+ 

2+ 

~ 


t 

4+ 

4+ 

4+ 

14* 

— 



Diluted 1:2 with saline and 

* 


4+ 

4+ 

3+ 

2+ 



filtered 

T 


4+ 

3+ 





Absorbed w itli Kalin antigen, 

* 


4+ 

4+ 

3+ 


_ 

diluted 1:2 with saline, 

t 


— 







filtered 








Absorbed with malaria 

* 


3+ 

2+ 

1+ 

_ 

_ _ 

antigen 1 x (KAbj) 

t 


4+ 

4+ 


— 

— — 

Absorbed with malaria 

* 



1+ 

__ __ 



__ 

antigen 2 \ (KAIm) 

t 



4+ 

— 

— 

— — 

Absorbed with malaria 





_ 



antigen 3 x (KAb 3 ) 





— 

— 

— — 

Absorbed with normal mon- 

*■ 


4+ 

4+ 

4+ 

2+ 

„ 

key antigen 1 \ (NAb,) 

t 


4+ 

4+ 



— — 

Absorbed with normal moil- 

V 



4+ 

3+ 

2+ 

_ _ 

key antigen 2 x (NAb 2 ) 

i 



4+ 

1+ 


— — 

Absorbed with normal mon- 

* 




3+ 

1+ 


key antigen 3 x (NAb.,) 

t 






— — 


t Wassermann. 

the malaria antigen to a significant degree. (2) Absorption with 
the malaria antigen removes the malaria antibody without re- 
moval of the syphilitic reagin to a significant degree. (3) Ab- 
sorption with normal monkey red cell “antigen” does not affect the 
reactivity of the serum with either the Wassermann or the malaria 
antigen. 4. On the basis of this investigation the complement fixa- 
tion test for malaria v ould appear to be indicative of the presence 
of a specific malaria antibody in patients’ sera. 5. The syphilitic 
reagin and the malaria antibody would appear to be distinct entities. 
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Functional Properties of Isolated Spinal Cord Grafts in Larva! 

Amphibians.* 

Paul Weiss. 

From the Department of Zoology, The Vnivenity of Chicarm. 


The thesis that the operation of the central nervous system can be 
satisfactorily explained in terms of fixed neurone arrangements, 
rests largely on the interpretation of the structural organization of 
the central gray, as it presents itself in the normal animal. If the 
central nervous system really owes its fundamental functional 
manifestations to the minute details of its neurone architecture, 
any major disorganization of the latter should thoroughly derange 
the former. Accordingly, a stud}’ of the functional capacities of 
a central nervous system whose anatomical connections have been 
thrown into confusion promises information of crucial interest. 
Such a condition can be produced by transplantation. 

Fragments of spinal cord, including several segments, excised 
from larval salamanders (Amblysloma punctatum) were grafted 
into the gelatinous connective tissue of the dorsal fin fold. Hosts 
and donors were of identical age (ca 2 cm in length) and had been 
in full functional activity for many weeks. In 7 of the 14 animals 
thus operated a limb was grafted at some distance anteriorly or 
posteriorly to the cord graft. All grafts became quickly vascu- 
larized and well incorporated. 

Histological study revealed 3 main changes in the grafted cord 
fragments: (1) varying degrees of reduction of the gray matter; 
(2) considerable deformation and disorganization of the surviving 
portion: (3) outgrowth of bundles of nerve fibers into the sur- 
roundings. 

The outgrowing nerve fibers form connections with skin, trunk 
muscles, and in the presence of a grafted limb, also with the latter. 
The cables connecting cord and limb grafts are always much 
stronger than other bundles. This fact, highly significant for the 
interpretation of normal nerve development, suggests that the first 
pioneering fibers to become attached to the limb thereby acquire 
some faculty — a kind of “stickiness”, as it were — converting 
them into a preferential contact pathway for later fiber s. Arrived 

* Aided by tile Dr. Wallace C. and Clara A. Abbott .Memorial Fund of Tl.e 

University of Chicago. 
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inside the limb, the fibers form abundant and typical connections 
with muscles and skin. 

Within a few weeks of the transplantation these isolated cord- 
limb complexes begin to exhibit functional activity, in which 3 suc- 
cessive phases can roughly be identified : an early phase of “spon- 
taneous” activity; a later phase of responsivity to stimuli applied 
to the grafted center; a final phase of true reflex responsivity. 

The first phase is characterized by intermittent or almost inces- 
sant twitching of the limb muscles. The twitches usually appear in 
spells, starting with irregular fibrillations and gradually building up to 
violent convulsions. A single fit may last for several minutes. At 
the peak of activity, the contractions are remarkably well syn- 
chronized, the limb executing strong periodic beats, sometimes at 
fairly regular intervals of the order of one to several seconds. The 
seizures appear no matter whether the animal is at rest or in motion, 
but are usually more intense following a period of host activity. 

During the following weeks the spontaneous bursts become 
scarcer, with longer periods of inactivity separating the individual 
fits. During this phase reactions can, however, often be evoked by 
lightly pressing against the cord graft; the response follows the 
stimulus with a latency of sometimes more than a second and con- 
sists of anything from a single jerk to a seizure of several minutes’ 
duration. 

A few weeks later true reflex responses can usually be obtained by 
tactile stimulation (with cotton fibers) of the skin in the vicinity 
of the cord graft. In the course of time the stimulogenous area 
increases. The reflex response consists of a vigorous indiscrimi- 
nate contraction of all limb muscles with no sign of coordination. 
The form of the response is essentially constant for a given case, 
but its size and temporal characteristics vary with the strength and 
mode of application of the stimulus, as well as with the condition of 
the host body. While a weak localized stimulus may yield a single 
twitch, an increase in the strength of the (mechanical) stimulus or 
spatial summation (stroking) or temporal summation (repetitive 
touch) all produce a repetitive response, with the after-discharge 
sometimes lasting for several seconds. Moreover, the excitability 
of the preparation fluctuates with the condition of the host body: 
prolonged host activity is invariably followed by a marked increase in 
the reflex excitability of the cord graft. This host influence on graft 
excitability is a humoral effect, since direct nerve connections be- 
tween the central nervous system of the host and the cord graft are 
lacking. 



.352 Isolated Spinal Cord Grafts in Larval Amphibians 


In cases in which the grafted cord had innervated trunk muscles, 
tiie latter showed reactions similar to the ones described for the 
limb grafts. The contractions of the segmental muscles were always 
directed towards the site of the cord graft as the center of inner- 
vation. As in the limb cases, irregular fibrillations as well as 
synchronized beats were observed; in a few instances, slow, tonic, 
contractions were also noted. 

The reactions described in the preceding are positively neuro- 
genic manifestations of the isolated cord-limb graft complex itself. 
As a crucial check against the possible intrusion of host innervation, 
the host cord was pithed in several specimens, and finally the portion 
of the back containing the grafted units was completely excised and 
tested in isolation. Even so, the preparations exhibited the same 
functional activities as before. In fact, their excitability was even 
markedly increased. 

These observations demonstrate that a fragment of spinal cord, 
after undergoing a major involution, is still in possession of certain 
functional properties which, accordingly, can be regarded as the 
fundamental dynamic properties of a nerve center deprived of its 
finer structural differentiation. Thus far the following have been 
observed in our preparations: Spontaneous firing (later subsiding); 
long latency: synchronization of discharges: after-discharge; repet- 
itive action; reflexivity; spatial summation; temporal summation; 
fluctuating excitability; fatigue. 

The details of the microscopical examination of the grafts will be 
reported later. The most surprising fact is the presence of abundant 
sensory fibers, serving as afferent pathways in the described reflexes, 
despite the fact that only pure spinal cord without primary afferent 
neurones had been transplanted. Apparently, fiber processes of the 
spinal gray have connected directly with the skin and become afferent 
in function, with a concomitant reversal of the sense of their synaptic 
transmission. The structural disorganization of the gray has pre- 
sumably weakened the original polarity and irreciprocitv of synaptic 
relations. 
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Differentiation of Sera of Two Species of Doves and Their 

Hybrid* 

R. W. Cuit ley and M. R. Irwin. 

From the Department of Genetics , University of Wisconsin. 


Following the studies of Nuttall, 1 the precipitin-reaction has come 
into wide use as a means of correlating the taxonomic relationships 
of species with the serological properties of their serum-proteins. 
For papers citing the numerous reports of work of this nature, the 
reader is referred to other sources. 2 ' 0 A few workers have employed 
the method of absorption of precipitins to differentiate in precipitin 
reactions, the serum-proteins of species that are distinguishable either 
not at all or with difficulty by direct precipitation. These are sum- 
marized bv Cumley. 7 (Landsteiner and van der Scheer s have 
pointed out limitations in the principles of absorption of precipitins, 
which affect the interpretation of the results obtained by this technic.) 
We are familiar with only a few reports 9 ' 11 dealing with the antigenic 
relationships of the serum of a species-hybrid to that of each of the 
parents-. In the present tests, the serums of the Pearlneck ( Strcpto- 
pclia chinensis), Ring dove (St. risoria) and their hybrids (F,- 
P.N./R.D. ) were compared. 

The precipitins were produced by injecting 0.6 cc of the serum 
of a species into rabbits 3 times per week until 6 cc of serum had been 
injected. The immune sera were collected on the tenth and eleventh 
days after the last injection. For absorptions, the undiluted anti- 

* Paper No. 259 from the Department of Gcncties, University of Wisconsin. 
This investigation v\ ns supported in part by a grant from The Rockefeller 
Foundation. 

1 Nuttall, G. H. F., IUood Immunity and Blood Behitionthip. 1904, Cambridge, 
The University Press. 

- Bnicr, J. C., Jr., Physiol. Bool, 1933, O, 91. 

s Boyden, A., Jm. ,Ynf., 1934, 118, 510; Sigma Xi Quart., 1930. 24. 152. 

4 Hicks, R. A., and Little, C. C., Genetics, 1931, 1G, 397. 

’ Hehtoen, L., and Cole, A. G., J. Inf. Vis., 1932, 40, 29. 

'-Wolfe, H. R., Biol Bull, 1939, 1, 10S; Bool npiea. 1939, 24 . 309. 

7 Cumlev, R, W., Jm. Xat., 1939, 7.% 375. 

s Landsteiner, K., and van der Si-liee, , .1.. J. Esp. 1 fed.. 1924, 40, 91. 

0 Hhihnrn, M., and Misao, T„ Jap, J. Ben., 1929, 4, 147. 

1" Kraus, R„ and Prizbrnm. II., BnitrnU/l. f. Phi/siol, 1907, 21, 25S. 

U Sasaki, K., Jap. .7. Zootcchn. Sri., 1920. 2, I; /. /. Tifr;nehlnn„ and 
Xuchtiinpsbwl (B), 1937. 38, 301. 
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scrum to one species was mixed with an equal volume of the serum 
of the other species, and stored at 2-5°C for 24 hours. The process 
was repeated, using smaller volumes of the absorbing serum, if, 
after centrifugation of the mixture, the supernatant fluid produced 
a ring when tested with this scrum. For the precipitin-tests, the 
antiserum was placed in each of a series of capillary tubes of about 
2 mm diameter, to a height of approximately 2 mm, and the antigen in 
its successive dilutions was carefully layered above. The appearance 
of a ring at the interface within 2 hours was taken as indication of 
a precipitate. 

TABLE I. 

Results of Ring-Precipitin Tests, with Anti-Pcnrlncek and Anti-Ring Dove Sera. 


Antiserum Absorbed by Antigens 

Mo. Antiserum scrum of tested 


Highest dilution of 
antigen giving 
a precipitate 


30S3 

> i 
1 1 

30S3 
? » 

> i 

ansrt 
1 1 
y y 

108S3 

t y 
y y 

19SP3 
y y 

y * 

1P3S3 

y * 
y y 

2G3S1 
y y 

y y 

263S1 

y * 
y y 

2G3S1 
y y 
t y 

287S2 
y y 
y ) 

287S2 
y y 
>> 

287S2 
y y 

yy 


Pearlneck 

— 

Pearlneck 

1 : 1(5,384 

y y 


Ring dove 

1: 1(5,384 

y y 


FjP.X./R.D. 

1:16,384 

» y 

Ring dove 

Pearlneck 

1:1024 

y y 

y y 

Ring dove 

Xone 

y y 

n 

F,P.X./R.D. 

1:32 

y y 

FjP.X./R.D. 

Pearlneck 

Xone 

y y 

y y 

Ring dove 

Xone 

y y 

• » 

FjP.X./R.D. 

Xone 

♦ y 

— 

Pearlneck 

1:32,768 

y y 


Ring dove 

1:32.768 

y y 


FjP.X./R.D. 

1:32, 70S 

y y 

Ring dove 

Pearlneck 

1:2048 

y y 

» 9 

Ring dove 

Xone 

y y 

y y 

FjP.X./R.D. 

1:64 

y y 

FjP.X./R.D. 

Pearlneck 

Xone 

y y 

y t 

Ring dove 

Xone 

y y 

y y 

FjP.X./R.D. 

Xone 

Ring dove 

— 

Pearlneck 

1:16,384 

y y 


Ring dove 

1:16,384 

y y 


FjP.N./R.D. • 

1:16,384 

y y 

Pearlneck 

Pearlneck 

Hone 

yy 

y > 

Ring dove 

1:3 12 

y y 

9 9 

FjP.N./R.D. 

1:128 

y y 

F,P.N./R.D. 

Pearlneck 

Xone 

y y 

y y 

Ring dove 

Xone 

y y 

y y 

FjP.X./R.D. 

Xone 

y y 

. 

Pearlneck 

1:16,384 

y y 


Ring dove 

1:16,384 

y y 


FjP.N'./R-D- 

1:16,384 

y y 

Pearlneck 

Pearlneck 

Xone 

y y 

y y 

Ring dove 

1:1024 

y y 

y y 

FjP.X./R.D. 

1:128 

y y 

FjP.X./R.D. 

Pearlneck 

None 

yy 

y y 

Ring dove 

Xone 

y y 

y y 

FjP.X./R.D. 

Xone 


— - —TT . a antiserum was used in the tests if the antisera were not absorbed. 

Tn the tbSuon tests, the antisera were diluted in varying degrees, dependmg 
upon the amount of antigen required for absorption. 
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The results of the tests involving anti-Pearlncck and anti-Ring 
dove sera, either unabsorbed or following absorption by the serum 
of the other species or the hybrid, with the various dilutions of the 
sera of Pearlneck, Ring dove and their F 2 hybrid, respectively, are 
given in the table. It will be noted that the sera of Pearlneck, Ring 
dove, and their F,, respectively, reacted at the same dilution with each 
of the various unabsorbed antisera, and that no distinction between 
them could be made by these tests. 

However, when anti-Pearlneck serum was absorbed by Ring dove 
serum, the reagent thus produced precipitated the serum of both 
Pearlneck and the F 2 , but not that of Ring dove. Likewise, follow- 
ing absorption of Ring dove antiserum by the serum of Pearlneck, the 
test fluid reacted with the serum of Ring dove and the hybrid, but not 
of Pearlneck. The serum of the species-hybrid invariably showed a 
precipitate at a lower dilution with the absorbed fluids than did the 
serum of either Pearlneck or Ring dove with their respective homo- 
logous antisera. Therefore, we may reasonably conclude that the 
serum of the species-hybrid contains a part, possibly all, of the same, 
or of related proteins that make for the species-specific qualities of 
the sera of each of the parental species. Additional evidence as to the 
possible relationship of the serum-proteins of the hybrids with those 
of each parent is furnished by the reactivity of the antisera for either 
parent following the respective absorptions by the hybrid serum. 
As will be noted, such reagents produced no precipitates at all with 
any of the 3 kinds of serum. Thus, since the hybrid serum by ab- 
sorption could remove all the precipitins from the antiserum for 
either parent, It would seem that the antigenic components of the 
serum of this species-hybrid were very similar to, if not identical 
with, those of the serum of both parental species. 

Investigations are now under way to determine the reactivity of 
the serum of backcross individuals (to Ring dove), representing the 
different unit-cellular characters of Pearlneck. 12 

Summary. The serum proteins of two dove species, Pearlneck and 
Ring dove, and their hybrid were indistinguishable by direct pre- 
cipitin-tests; i.c. the three kinds of serum reacted at the same dilution 
with antisera for each of the two species. Following absorption, 
however, of the antiserum to one species by the serum of the other, 
a differentiation of the serum-proteins was readily made. The serum 
of the species-hybrid appeared to possess a combination of the pre- 
cipitinogens of both parental species. 


12 Irwin, M. It ., Genetics , 3939, 34. 709 . 
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Water and Electrolyte Content of Dolphin Kidney and Extraction 
of Pressor Substance (Renin). 

Lillian Eicheliierger. Louis Leiteu and E. M. K. Geiling. 

From the Lnsktr Foundation for Medical Jlescnrch mid the Bevnrhurn '* of 
Medicine mid I'liiirmnrnlntiy of the University of Chienyn. 

Former findings on the distribution of electrolytes in the blood 1 
and skeletal muscle" of the dolphin (Tttrsiops truncatus) . together 
with the variations revealed in comparisons with terrestrial mammals, 
actuated a similar examination of the kidneys of the dolphin. The 
regular occurrence of a pressor substance (renin) in the kidneys of 
terrestrial mammals stimulated the attempt to demonstrate the 
presence of such a substance in the kidney of this sea mammal. 
Therefore, the object of this work was: ( 1 ) to determine the water 
and electrolyte content of the dolphin kidney: (2) to establish the 
presence of a pressor substance (renin) in this kidney: and (3) to 
compare the results with corresponding data from the dog as a rep- 
resentative land mammal. 

Experimental. One whole kidney weighing 230 g was removed 
from a live young female dolphin, weighing SO kg. under sodium 
phenobarbita! anesthesia. The kidney was immediately chilled and 
frozen. After being wrapped in oiled paper, it was placed in a wide- 
mouth thermos bottle and shipped by air express from the Marine 
Studios. St. Augustine. Florida, to our Chicago Laboratories, as 
described in a previous paper. 1 

The dolphin kidney is a compound organ composed of hundreds 
of small kidney units, each containing a cortex and medulla. There- 
fore. an aliquot number of units of the whole kidney was taken for 
chemical analyses, and the remainder for the extraction of the pressor 
substance. Units amounting to 40 g in weight were analyzed in 
triplicate for water, fat. chloride, sodium, potassium, calcium and 
magnesium, using the procedure and methods described by Eichel- 
berger and Biblcr. 3 These data are given in Table I. 

The pressor substance was extracted from 190 g of the kidney 
units by a method to be described later. To test the pressor activity, 

' S-, -Tr., Ceiling, E. M. K„ ami Vos, B. .T„ Jr., 

.7. Jliol. Client.. 1040, 133, 145. 

•j Eielielberger, L., Geiling, E. M. K., and Vos, B. .T., Jr .. J . Biol . Chem ., 1940, 

SEicIielherger, Lillian, and Bilder, Walter, .7. Biol. Chem., 1040, 132, 645. 
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TABLE I. 

Water and Electrolyte Content of Dolphin Kidney. 
The values are given per kilo of fat-free tissue. 



H.O 

g 

Fat 

g 

Cl 

mM 

Na 

mil 

K 

mM 

Ca 

mM 

Mg 

mM 


821.0 

11.7 

65.3 

84.2 

56.8 

1.53 

6.3 


Kidneys from 20 normal dogs. s 



Mean 

802.2 

19.7 

G7.7 

82.6 

58.3 

2.16 

5.7 

* 

5.6 

9.0 

5.3 

5.8 

4.8 

0.53 

0.5 


'Standard deviation. 


the purified extract was injected intravenously into an unanesthetized 
dog and also into a dog under nembutal anesthesia. Blood pressure 
of the unanesthetized dog was recorded kymographically by means 




Chart 1. 

L'nnncsthetized dog. Wt 11.0 Kg. Upper record shows time in intervals of 5 
seconds. Middle curve t, •presents femora! blood pressure. (I) Normal blood 
pressure, 151 mm Hg. (2) 4 ec evtraet from dolphin kidnev {equivalent to 20 g 
fresh kidney tissue) injected int ravenous! v, blood pressure’ 22S mm Ite. “X” 
signifies washings of tin: needle. 
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Water and Electrolyte Content of Dolphin Kidney and Extraction 
of Pressor Substance (Renin). 

Lillian Eiciielbergek, Louis Leiteu and E. M. K. Geiling. 

From the J.nsVcr Foundation for Medical Jlcscarcli and the T)rttartm<-n‘.i of 
Medicine and Pharmacology nf the University of Chicago. 


Former findings on the distribution of electrolytes in the blood 1 
and skeletal muscle" of the dolphin (Tursiops truncatus) , together 
with the variations revealed in comparisons with terrestrial mammals, 
actuated a similar examination of the kidneys of the dolphin. The 
regular occurrence of a pressor substance (renin) in the kidneys of 
terrestrial mammals stimulated the attempt to demonstrate the 
presence of such a substance in the kidney of this sea mammal. 
Therefore, the object of this work was: (1) to determine the water 
and electrolyte content of the dolphin kidney: (2) to establish the 
presence of a pressor substance (renin) in this kidney: and (3) to 
compare the results with corresponding data from the dog as a rep- 
resentative land mammal. 

Experimental. One whole kidney weighing 230 g was removed 
from a live young female dolphin, weighing SO kg, under sodium 
phenobarbita! anesthesia. The kidney was immediately chilled and 
frozen. After being wrapped in oiled paper, it was placed in a wide- 
mouth thermos bottle and shipped by air express from the Marine 
Studios, St. Augustine, Florida, to our Chicago Laboratories, as 
described in a previous paper. 1 

The dolphin kidney is a compound organ composed of hundreds 
of small kidney units, each containing a cortex and medulla. There- 
fore, an aliquot number of units of the whole kidney was taken for 
chemical analyses, and the remainder for the extraction of the pressor 
substance. Units amounting to 40 g in weight were analyzed in 
triplicate for water, fat, chloride, sodium, potassium, calcium and 
magnesium, using the procedure and methods described by Eichel- 
berger and Bibler. 3 These data are given in Table I. 

The pressor substance was extracted from 190 g of the kidney 
units by a method to be described later. To test the pressor activity, 

LEicliclljerger, X^TFctelier, E. S., Jr., Geiling, E. M. K., anti Vos, B. J.. Jr.. 
j . J } iol . Chrm ., 1040, 133, 145. 

2 Eichelberger, L, Geiling, E. M. K., and Vos, B. ,T., Jr., J. Biol . Chem ., 1040, 
133 061 

' 7 Eichelberger, Lillian, and Bibler, Waiter, ,7. Biol. Chan., 1040, IS 2, 645. 
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2 cc of extract made from dog kidney (equivalent to 10 g fresh 
kidney tissue) the blood pressure rose to 176 mm Hg and was still 
at 172 mm at the end of 30 min. (2) The control blood pressure 
of an 8.5 kg anesthetized dog was 110 mm Hg. After the injection 
of 2 cc extract made from pig kidney (equivalent to 10 g fresh kid- 
ney tissue) the blood pressure rose to 240 mm Hg. The blood pres- 
sure remained at 170 mm for 15 min., after which another injection 
of 1 cc extract caused a second rise to 200 mm Hg, which again con- 
tinued at a level of 170 mm for 15 min. After a third injection of 
2 cc extract the blood pressure rose to 190 mm Hg. 

Comments. When the content of water and electrolytes in the 
kidneys of dolphins was collated with comparable data obtained from 
the kidneys of dogs (Table I), the only difference was the higher 
water content in the dolphin kidney. The vaiues for sodium and 
chloride found here, as well as in dog kidneys, are too high to be 
accounted for by the extra water, assuming that this water is extra- 
cellular and contains the concentration of sodium and chloride ex- 
pected in extracellular fluids. Therefore, it must be assumed that 
certain cells of the dolphin kidney engaged in the reabsorption of 
chloride from the glomerular filtrate must contain chloride as well 
as sodium. Further, the analytical data reflect either of two possi- 
bilities : ( 1 ) the existence in the lumen of the nephron of an addi- 
tional fluid phase, varying in composition as it passes down the renal 
tubules, which must not be different from that found in dogs or else 
the analytical results would have been decidedly different; (2) if the 
chloride and sodium concentration representing the extracellular 
spaces of the kidney is low, as found in the skeletal muscle, 2 then 
the sodium and chloride concentration in the contents of the collecting 
tubules must be considerably higher than that found in the dog. 

The potassium figures, as in dog kidneys, indicate that the intra- 
cellular phase of the dolphin kidney is relatively small and of the 
same comparative volume. In view of the complexity of the system 
and the different kinds of kidneys, it is surprising that the data for 
dog and dolphin kidneys exhibit the degree of consistency portrayed 
in Table L 

Conclusions. 1. The values for the water content and electrolyte 
concentrations of a normal dolphin kidney were as follows: Total 
water, 821.0 g; chloride, 65.3 raM; sodium, 84.2 mil; potassium, 
56.8 mill ; calcium, 1.53 mil; and magnesium, 6.3 mM per kg of 
fat-free tissue. 

2. A pressor substance was isolated from the kidney of the dolphin 
which behaved chemically and physiologically like the renin prepared 
from the kidney of the dog or pig. 
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of a gauge 18 needle in the femoral artery connected with a cannula 
and a mercury manometer. This tracing is shown in Chart I. It 
will be noted that the control blood pressure of the 11.6 kg dog was 
154 mm Hg. After the injection of 4 cc of extract, equivalent to 
20 g of fresh kidney tissue, the blood pressure rose to 228 mm Hg. 
and was still at 212 mm' at the end of 10 min. 

Blood pressures of the anesthetized dogs were recorded by can- 
nulas in the carotid artery connected directly to a mercury man- 
ometer. This tracing is shown in Chart 2 It will be noted that the 
control blood pressure of the dog under nembutal anesthesia was 
152 mm Hg. After the intravenous injection of 2 cc of extract, 
equivalent to 10 g of fresh kidney tissue, the blood pressure rose to 
184 mm Hg. The blood pressure of the dog returned quickly to 
normal evidently because the amount of extract injected was too 
small. Another injection of 2 cc of the extract caused a second rise 
to 194 nun Hg. After a third injection of the extract, the blood 
pressure rose from 166 mm to 200 mm Hg. and persisted at a level 
of 172 mm for 10 minutes when the experiment was terminated. 

These results show that a pressor substance (renin), which func- 
tions like the renin from dog or pig kidney, was isolated from the 
dolphin kidney. (1) The control blood pressure of a 8.9 kg anes- 
thetized dog was 118 mm Hg. After the intravenous injection of 



Chart ^ 

cc J of extract, Wood pressure 200 mm Hg. 
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respectively. The average duration of the fall was 16 days. In the 
latter 2 dogs, re-implantation of kidney tissue 35 and 330 days after 
the return of hypertension resulted in a second fall in blood pressure 
with a return to hypertensive levels persisting for 4 and 36 days 
respectively after re-implantation. The maximum drop in diastolic 
pressure amounted to 25 to 50 mm Hg in the 10 experiments and was 
sustained for the periods indicated. The non-protein nitrogen of the 
blood remained at normal levels during and subsequent to the de- 
pression in arterial pressure. 

In 6 normotensive dogs the implantation of kidney tissue had no 
effect on the blood pressure. The blood pressure remained at the 
normotensive levels for the duration of the experimental period up 
to 38 days. Renal ischemia was then produced in 3 of these dogs, 
24, 38 and 7 days respectively after the implantation was performed. 
In all 3 a definite persistent rise in arterial pressure was observed to 
follow this operation. 

In 3 dogs with renal hypertension the production of an infusorial 
earth abscess had no significant effect on the blood pressure. This 
abscess was produced by injecting 1 gm of infusorial earth in 10 cc 
of saline subcutaneously. The large abscess which resulted was 
opened on the third to fourth day, at which time 25 to 50 cc of pus 
escaped. The animals improved rapidly following the opening of 
the abscess. 

Our results suggest that during destruction of transplanted kidney 
tissue, a drop occurs in the blood pressure to normotensive levels in 
dogs with renal hypertension. No fall in blood pressure occurred 
following production of an infusorial earth abscess. This is in line 
with the report 5 that extensive cellulitis does not lower the pressure 
of renal hypertensive dogs. Since no fall in blood pressure occurred 
after implantation into normotensive dogs, the effect seems to be 
confined to the hypertensive animals. It may persist for long periods 
beyond the time of removal of the kidney tissue. These facts indi- 
cate that the process is not a simple depressor action from absorbed 
depressor substances but more likely' is in the nature of an antagonist 
to the renal hypertension mechanism. These results are in accord 
with independent and somewhat different experiments recently 
reported. 0 '' A striking difference exists in the two types of cx- 

’< Wakerlin, G. E., Gaines, W., aiul Mosny, S. D., Pror. Am. Physio!., Society, 
N civ Orleans, p. 101, 1040. 

« Harrison, T. It., Grollm.m, A., and Williams, J. It., Am. J. Physiol, 1040, 

128 , ric. 

' Page, I. II., oral presentation at the American Physiological Society meeting 
in New Orleans, 1040. 
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Reduction of Arterial Hypertension by Subcutaneous Implanta- 
tion of Kidney Tissue 

S. Rodbard, L. N. Katz and M. SoKoLOw.f 

From the Cardiovascular Department, Michael Dec sc Hospital, Chicago, and 
Department of Physiology, University of Chicago. 


We have obtained evidence that the kidney plays an important role 
not only in the production of the hypertension but also in its elim- 
ination. 1 To elucidate further the nature of this relationship, rve 
have investigated the effect of subcutaneous implantation of kidney 
tissue in normotensive and hypertensive dogs. 

Blood pressures of trained unanesthetized dogs were taken using 
the Hamilton manometer.- according to a technique previously de- 
scribed by us. 3 After adequate training, the diastolic pressure of 
most of our dogs became constant at 75 or 80 mm Hg and these were 
classed as normotensive. Hypertension was indticed in 8 dogs by 
partial occlusion of the main renal arteries, using the Goldblatt 
technique.* 

After a preliminary period of observation during which the arterial 
pressure was relatively constant, 10 to 15 g of kidney tissue obtained 
from normotensive dogs was implanted under local anesthesia 
in the subcutaneous tissue of normotensive and hypertensive 
dogs. On the third day thereafter the necrotic mass of partially 
autolyzed kidney was expelled from the wound or was removed. 
Usually 10 or 20 cc of a sero-purulent fluid escaped from the wound 
at this time. After removal of the necrotic kidney tissue, the animal 
improved rapidly. 

In the 8 dogs with hypertension of renal origin persisting 47, 91, 
100, 140, 182, 200, 400 and 29 days respectively, implantation of 
kidney tissue resulted in a fall in blood pressure beginning on the 
second day, reaching a low on the third day and returning to the 
hypertensive level in the fourth to fiftieth days. The blood pressure 
returned to the hypertensive levels in 1, 50, 20, 4, 5, 7. 3 and 40 days 

* Aided by the A. D. Xast Fund for Cardiac Research and the Dazian Founda- 
tion for Medical Research. 

t Mow in San Francisco. 

iRodbard, S., and Katz, L. X., Am. J. Med. Set., 1939, 198, 002. 

- Hamilton, IV. F., Brewer, J., and Brotmnn, I., Am. J. Physiol., 1931, 10, , 427. 

3 Katz, L. X., Friedman, M., Rodbard, S., and Weinstein, W., Am. Heart J., 

] ^ Goldblatt, H., Lynch, J., Hanzal, R., and Summerville, W., J. Exp. Med., 
1934, of), 347. 
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curve. A more extended survey was therefore made of various types 
of pathological as well as normal bloods, and the poiarographic re- 
sults correlated with variations in the albumin and globulin content 
as determined by chemical methods. A brief description of the ap- 
paratus and the principles underlying its operation has been recently 
reported by W alker and Reimann. 4 

The blood samples were obtained from fasted subjects. After 
clotting the serum was withdrawn and aliquots taken for the deter- 
mination of the serum proteins and for the poiarographic test. The 
serum proteins were determined by Greenberg’s colorimetric method. 
The aliquot used for the poiarographic test was treated as follows: 
0.1 cc of serum was hydrolyzed by adding 2.5 cc of a 0.05N HC1 
solution containing 2.5 mg pepsin and incubating at 4CPC for 15 
min. 0.1 cc of this mixture was then added to 5 cc of a buffer solu- 
tion which was composed of 10 cc IN NH*OH; 10 cc IN NH 4 C1; 
10 cc 0.01 N cobaltic chloride and 10 cc water. Stock solutions of 
the various constituents of this buffer were kept in separate bottles 
and were added together in appropriate amounts just prior to each 
test. The poiarographic measurements were made immediately 
after the test solutions were prepared. 

In order to determine which fraction of the serum protein gave 
the typical curve, the proteins were precipitated from aliquots of 
serum with (NH 4 ) 2 S0 4 and the precipitate divided into albumin and 
globulin fractions by solution in dilute salt and by coagulation of the 
globulin on dialysis against distilled water. The crude protein frac- 
tions were then replaced separately, and in combination, into appro- 
priate amounts of deproteinized serum and poiarographic measure- 
ments made as before. Only the albumin fraction yielded a typical 
curve ; the characteristic waves obtained with intact serum were not 
observed in the globulin fraction, nor did the addition of globulin 
materially alter the shape of the albumin curve. 

TABLE I. 


Relation of Level of Serum Albumin to Poiarographic Curve. 


Xo. 

Diseases 

Albumin % 

r- v 

Avg Range 

Height of poiarographic 
curve in mm 

r i 

Avg Range 


Xcpliritis 

2.1 

1. 3-3.1 

21.0 

13.5-2S.0 


Vomiting of Preg. 

O O 

2.0-2.5 

22.5 

20.5-23.5 


Osteomyelitis 

2.5 

1.4-3.6 

25.0 

13.5-36.0 


Cancer 

2.S 

2.S-3.3 

26.0 

23.0-29.5 


Miscellaneous* 

2.6 

J.1-3.S 

25.S 

17.5-34.5 


Cardiovascular 

3.0 

l.S-4.1 

2S.0 

1S.2-34.5 


Xormal 

3.5 

3.6-4.0 

30.5 

2S.0-44.5 


*There were no more than 2 of the same disease in this group. 
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periments in that no l)lood NPN elevation occurred in our experi- 
ments. 

Implantation of liver, skeletal muscle, cardiac muscle, spleen, and 
boiled kidney had only a transient depressor effect upon the blood 
pressure of hypertensive dogs. 

Experiments are under way to determine the nature of this renal 
principle and to discover whether or not similar effects can be ob- 
tained with other tissues. 

Summary. Our results suggest that transplanted kidney tissue 
undergoing degeneration exerts an antagonistic action upon the renal 
hyperten sion mechanism . 
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Effect of Serum Proteins on the Polarographic Curve.* 
H. P. Ruscit, T. Keatt, V. \V. Meeociie and A. J. Dirksen. 

From the McAreUe Memorial Laboratory anti the Departnient of Chemistry, 
University of Wisconsin, Mailison. 


The first attempt to apply the polarographic method to cancer 
diagnosis was reported by Brdicka. 1 Since then various others 
have used this technique as a test for the detection of changes in 
cancer sera. :_l A difference has been demonstrated between normal 
and cancer blood by these workers, but it appears that this difference 
is chiefly a statistical one. Our own results full} - confirm this diffi- 
culty. In a survey of 150 cases, individuals were divided into 3 gen- 
eral groups : normal, non-cancerous diseases and cancer. 5 The 
values obtained were expressed as the height of the polarographic 
curve. There was considerable overlapping in all groups, making it 
impossible to distinguish any individual case as being representative 
of normal, cancerous or non-cancerous. 

During the course of these studies, serum proteins were deter- 
mined in some of the specimens which also were examined polaro- 
graphically. There appeared to be a general parallelism between the 
amount of the serum protein and the height of the polarographic 

* Supported br the Jonathan Bowman Cancer Fund and the Wisconsin Alumni 
Besearch Foundation. 

1 Brdicka, B., Mature. 1937, 139, 330. 

- Bergh, F., Hen riques, Q. M., and Wolffbrandt, C. G., Nature, 193S, 142, 212. 

3 Wedemeyer, H. E., and Daur, T., Z. f. Krebs., 1939, 49, 10. 

•i Walker, A. C., and Beimann, S. P., Am. J. Ca., 1939, 37, 585. 

5 Busch, H. P., Klatt, T., Melodic, V. W., and Dirksen, A. J., in press. 
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The use of the polarograph as a method for cancer diagnosis de- 
pends on the measurement of certain sulfur-containing amino acids 
present in the proteins in the blood serum. The level of these con- 
stituents is reported to differ in normal and cancer sera. Brdicka 
explains the production of the polarographic curve as being due to 
the catalytic liberation of hydrogen at the dropping mercury cathode 
induced by the S-H group of cysteine and the S-S linkage of cystine. 
While this reaction is said to be catalytic, the amount of hydrogen 
deposited is quantitatively proportional to the concentration of these 
amino acids. Brdicka also demonstrated that the cystine group gives 
a wave height twice that for cysteine when equivalent molecular 
concentrations are used. 1,6,7 Various workers have determined the 
cystine content of serum globulin as being about 1. 5-3.5% and that 
of serum albumin from 2. 5-6.0%. If we take the usual figures given 
for the level of albumin as from 4-5 g per 100 cc and those for 
globulin as 2-2.8 g per 100 cc, we find that the cystine content of the 
albumin from 100 cc of serum is approximately 0.1 -0.3 g while that 
for the globulin of the same amount of serum is about 0.03-0,09 g. 
These figures may, in part, explain our findings in regard to the 
curves obtained with these two separated fractions. 

It is interesting to note in passing that various workers have re- 
ported a higher sulphydryl content in rapidly growing tissues than 
in those proliferating slowly.® This has been demonstrated to he the 
case in embryonic cells, root tips as well as in certain tumors. 

Summary. The effect of the serum proteins on the polarographic 
curve was made on blood sera obtained from 66 normal and patho- 
logical individuals. The height of the polarographic curves was 
found to be directly proportional to the level of the serum albumin. 
It is obvious, therefore, that the polarographic method is of limited 
value in cancer diagnosis since changes in serum albumin are by no 
means specific for neoplastic diseases. 

0 Brdicka, B., Xahire, 1938, 142, 617. 

* Brtiifka, B., Jilin. Ifochschr,, 1939, 18, 305, 
s Beimann, S. P., and Hammett, P. S,, Am. J. Cn., 1936, 2<», 554. 
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Tlicre was a total of 66 cases in this series, the results of which are 
listed in Table I. When the average results of the serum from 
various diseases were compared, a direct correlation was found 
between the level of serum albumin and the height of the polaro- 
graphic curve. There was, however, a considerable overlapping of 
the individual cases in each group (Table I). Nevertheless, the in- 
dividual results also demonstrated a very close parallelism between 
the amount of the serum albumin and the polarographic response 
(Fig. 1 ). Wedemeyer and Daur have reported a similar correlation. s 
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or 10.24 g of pectin. 

f G:ivc only one specimen during experimental period. 



366 


11456 

On the Fate of Ingested Pectin. 

S. C. Wercii axd A. C. Ivy. 

From the Department of Physiology anti Pharmacology, Forth west r rn University 

Medical School, Chicago. 

Although pectin is being used for the treatment of certain types 
of diarrhea, and for other purposes in man, relativelj r little is known 
regarding its fate in the alimentary tract. We have been able to find 
only one report in which the fate of pectin ingested with a mixed diet 
was studied. Schneider 1 prepared from apple marc a pectin which 
according to his analysis yielded 35.9% pentosan and 45.8% galac- 
tosan. He fed the pectin with a mixed diet very' low in cellulose to 
several human subjects, and found the “coefficient of digestibility” 
for the pentosans to be 88.7%, and for the galactosans, 76.8%. He 
also found that intestinal bacteria decompose the hemicelluloses of 
apple marc. We have studied the fate of pectin fed to dogs with a 
mixed diet containing no cellulose, and to the same dogs while fasting. 

Methods: The pectin used in this study was a very pure citrous 
pectin obtained from the Research Department, California Fruit 
Growers' Exchange. By the Link" method 18.2% CO- equivalent to 
72.8% uronic anhydride was liberated. By the A. O. A. C. method 3 
for the determination of furfural, 1 g yielded 0.275 g of phloro- 
gluside equivalent to 0.14528 g of furfural. (Uronic acids as well 
as pentoses yield furfural, hence this factor is not characteristic of 
all pectins, but must be determined for the particular pectin sample 
employed. ) The methoxyl content was 9.5% and the jelly grade 
was 180. By the calcium pectate method, 4 1 g ydelded 110% pectic 
acid as calcium pectate, on the basis of ash and moisture-free pectin. 
The foregoing are the average results of a number of anah'ses made 
by us. When 5 g of pectin was added to 100 g of feces, 98% could 
be recovered by the uronic acid method, 94% by' the furfural method, 
and 97.6% by the pectic acid method. 

Four dogs weighing from 25 to 35 lb were placed, for the first 
absorption period, on a mixed diet low in crude fiber (as a control), 
consisting daily of 200 cc of milk, 200 g of hamburger, and 100 g 

l Schneider, E. C., Am. J. Physiol., 1912, 30, 25S. 

- Dickson, A. D., Otterson, H., and Link, K. P., J. Am. Chcm. Soc., 1930, 32, 7/5. 

3 Method of Analysis, Association of Official Agricultural Chemists, p. 344, 4th 

Ed., 1935. 

4 Joseph, G. H., personal communication. 
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Excretion of Gonadotropic and Estrogenic Hormones in Urine 
During Normal Menstrual Cycle. 

E. v. Haam and N. 0. Rothermich. 

From the Department of Patholoffy, Ohio State University, Columbus, Ohio. 


None of the methods of bioassay for the urinary gonadotropins 
or estrogens is better than roughly quantitative. As long as definite 
standards of technic are not available the various absolute values 
claimed in the literature cannot be compared and no definite state- 
ments as to right or wrong can be issued. However, normal and 
abnormal fluctuations of these hormones during the menstrual cycle 
should be recognized with some degree of uniformity regardless of 
the absolute values obtained by the various methods. Our former 
belief in a single excretion peak of urinary gonadotropins dur- 
ing the menstrual cycle seems disproven by D'Amour, Funk 
and Liverman, x who showed as many as 3 excretion peaks in 
daily assays of urinary gonadotropins from normal women. Our 
previous conception of the premenstrual height of estrin excretion 
has been refuted by the careful investigation of Gustavson and co- 
workers," who showed that as early as 5 days after the onset of men- 
struation a peak in estrin excretion curve can be found. This demon- 
strated that more data on the normal menstrual cycle of women are 
needed in order to establish the correlationship between the excretion 
of gonadotropic and estrogenic hormones. We have examined the 
urine of 3 healthy women during a complete menstrual cycle for 
gonadotropic and estrogenic substances and wish to report briefly on 
the results : 

Method. Twenty- four-hour specimens of urine were collected 
from 3 women between the ages of 20 to 30 who by careful history 
did not show any evidence of menstrual disorders. In all 3 women 
menarche set in between 1 1 and 13 years,, and menstruation occurred 
every 28 days, lasting from 4 to 6 days. There was no excessive 
flow, no menstrual pain or premenstrual tension. The specimens were 
kept on ice during collection and -were assayed every 48 hours. 
Urinary gonadotropins were determined by the method of Levin and 

i D’Amour, F. E„ Funk, D., and Liverman, H., Am. J. Obst. and Ounce., 1939, 
87, 910. 

- Gustavson, R. G.. Mason, L. W„ Hars, E. E., Wood, T. R., and D ’Amour, F. E.. 
A m. J. Obsl. and Gynec ., 1938, 35, 115. 
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of liver. During the second period. 20 g of pectin was added daily. 
For a third period, the dogs were given pectin alone; 20 g dissolved 
in 500 cc of water was given by stomach-tube. The absorption 
periods were 7 days in length. Specimens of feces produced by the 
dogs during each period were collected, dried and pooled, and pectin 
or its degradation products determined quantitatively as furfural, 
uronic, and pectic acids. 

When the dogs were fed the basal diet alone, no pectic acid was 
found in the feces, but a total of from 0.37 to 0.42 g of furfural 
and from 0.72 to 0.90 g of uronic acid was obtained from the dif- 
ferent dogs during the 7 day test period. The quantity of furfural 
and uronic acid obtained during the control period was subtracted 
from the total obtained during the pectin-feeding period. 

Results: Table I shows the quantity of pectin recovered in the feces 
as determined by the 3 chemical methods. When pectin was added 
to the mixed diet, furfural estimation indicated a recovery of S.64%, 
uronic acid estimation 9.43%, and pectic acid estimation 3.09% 
(averages of the 4 dogs.) When pectin was given during fasting, 
furfural estimation gave a return of 48.33%, uronic acid estimation 
48.36%, pectic acid estimation 44.61 % (averages of the 4 dogs). 

Analysis of the data proved to be very interesting. When one adds 
pectin to a mixed diet practically 90% disappears, and of the amount 
recovered in the feces only about a third may be obtained as pectic 
acid. When given during fasting, about 50% disappeared. In this 
case, dogs I and II defecated frequently, and the recovery of pectin 
ranged from about 70 to 90% ; whereas in dogs III and IV, which 
defecated only once during 7 days, the amount of pectin recovered 
ranged from about 2 to 25%. Essentially the same results have been 
communicated to us by Drs. L. A. Crandall and H. K. Murer. In 
addition, the results indicate that the decomposition is carried further 
when pectin is added to a mixed diet than when given alone, for only 
about a third of the amount which may be recovered in the feces in 
the former case may be obtained as pectic acid, while in the latter 
practically all the pectin recovered may be obtained as pectic acid. 
Decomposition may be also furthered if the pectin fed is retained for 
longer periods. 

Summary. In the dog when 20 g of pectin was fed per day, with a 
mixed diet over a 7 day period, an average of 90% of the pectin was 
decomposed; when fed during fasting an average of only 50% was 
decomposed. These observations, however, may not be applicable 

to man. 
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Excretion of Gonadotropic and Estrogenic Hormones in Urine 
During Normal Menstrual Cycle. 

E. v. Haam axd N. O. Rothermich. 

From the Department of Pathology, Ohio State Vniversity. Columbus. Ohio. 


None of the methods of bioassay for the urinary gonadotropins 
or estrogens is better than roughly quantitative. As long as definite 
standards of technic are not available the various absolute values 
claimed in the literature cannot be compared and no definite state- 
ments as to right or wrong can be issued. However, normal and 
abnormal fluctuations of these hormones during the menstrual cycle 
should be recognized with some degree of uniformity regardless of 
the absolute values obtained by the various methods. Our former 
belief in a single excretion peak of urinary gonadotropins dur- 
ing the menstrual cycle seems disproven by D’Amour, Funk 
and Liverman, 1 who showed as many as 3 excretion peaks in 
daily assays of urinary gonadotropins from normal women. Our 
previous conception of the premenstrual height of estrin excretion 
has been refuted by the careful investigation of Gustavson and co- 
workers, 1 who showed that as early as 5 days after the onset of men- 
struation a peak in estrin excretion curve can be found. This demon- 
strated that more data on the normal menstrual cycle of women are 
needed in order to establish the correlationship between the excretion 
of gonadotropic and estrogenic hormones. We have examined the 
urine of 3 healthy women during a complete menstrual cycle for 
gonadotropic and estrogenic substances and wish to report briefly on 
the results : 

Method. Twenty-four-hour specimens of urine were collected 
from 3 women between the ages of 20 to 30 who by careful history 
did not show any evidence of menstrual disorders. In all 3 women 
menarche set in between 1 1 and 13 years, and menstruation occurred 
every 28 days, lasting from 4 to 6 days. There was no excessive 
flow, no menstrual pain or premenstrual tension. The specimens were 
kept on ice during collection and -were assayed every 4S hours. 
Urinary gonadotropins were determined by the method of Levin and 

1 D’Amour, F. E., Funk, D., and Liverman, It., Am. J. Obst. and Genre.. 1039. 
37, P40. 

- Gustavson, R. G.. Mason, L. W., Hays, E. E., Wood, T. R., and D’Amour. F. E., 
Am. .7. Obst. and Gyncc.. I93S, 35, 115. 
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Tyndale , 3 using the uterine weight of immature mice as indicators. 
After precipitation with tannic acid had been completed, the remain- 



normnl menstrual cy cle. 

3LevIn, L., ami Tyndale, H. H., Endocrinology, 1937, 21, 019. 
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ing urine was acidified, hydrolized, and extracted with benzene, fol- 
lowing the method of Smith and Smith.'* The residue was dissolved 
in glycocol propionate and injected into immature white mice follow- 
ing the suggestion of Lauson, Heller, Golden and Sevringhaus.” 
We have repeatedly convinced ourselves that the tannic acid pre- 
cipitates were free of any estrogenic substance. 

Results. The curves depicting the cyclic excretion of estrogen and 
gonadotropin are pictured in Fig. 1. It appears that 1 to 3 peaks of 
prolan excretion may occur in a single cycle. The excretion of estrin 
either parallels or in some instances precedes the prolan excretion. 
Two distinct peaks have been observed in all our cases. In Patient 
D they were so close to each other that a separation may seem arbi- 
trary. If we wish to deduce from the appearance of the hormone 
levels in the urine the time and incidence of ovulation, we must agree 
with Gustavson’s statement that “the time of ovulation may vary 
considerably in different individuals, and that the corpus luteum may 
require varying periods of time to reach its full development and 
activity.” 
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Non-Identity of Gray Hair Produced by Mineral Deficiency and 
Vitamin Deficiency. 

Alfred H. Free. (Introduced by Victor C. Myers.) 

From the Department of Biochemistry , School of Medicine, JTcstcm Deserve 
University, Cleveland. 

The recent recognition of a specific organic food factor 1 ’ 2 neces- 
sary for the maintenance of the black fur of black or piebald rats has 
raised the question as to whether the phenomenon of graying noted by 
older workers 3 '*' 5,6 particularly in rats on an exclusive milk diet is 
due to this cause or is due to a specific mineral deficiency. Jukes and 

4 Smith, G. V., and Smith, 0. W., Am. Physiol, 1935, 112, 340. 

5 Lauson, II. D., Holler, C. G., Golden, J. B., and Sevringhaus, E. L., Endo- 
crinology, 1939, 24, 35. 

i Morgan, A. F., Cook, B. B., and Davison, B. G., J. Xutrition. 1938, 15, 27. 
-’Lunde, G., and Kringstad, Z. physiol. Client., 193S, 257, 201. 

3 Hartwell, G. A., Biochem. J., 1923, 17, 547. 

4 Kicl > H- L-, and Nelson, V. E.. J. Biol. Chcm., 1931, 03, 49. 

5 Gyorgy, p„ Biochem. J., 1935, 20, 741. 

G Gorter, F. J., Z. ritaminforscli., 3935, 4, 277. 
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Curves of daily excretion of urinary gonadotropins and estrogens unng 

normal me nstrual cycle. 

f^ndale, H. H., Endocrinology, 1937, 21, 619. 
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ing urine was acidified, hydrolized, and extracted with benzene, fol- 
lowing the method of Smith and Smith. 11 The residue was dissolved 
in glycocol propionate and injected into immature white mice follow- 
ing the suggestion of Lauson, Heller, Golden and Sevringhaus/ 
We have repeatedly convinced ourselves that the tannic acid pre- 
cipitates were free of any estrogenic substance. 

Results. The curves depicting the cyclic excretion of estrogen and 
gonadotropin are pictured in Fig. 1. It appears that 1 to 3 peaks of 
prolan excretion may occur in a single cycle. The excretion of estrin 
either parallels or in some instances precedes the prolan excretion. 
Two distinct peaks have been observed in all our cases. In Patient 
D they were so close to each other that a separation may seem arbi- 
trary. If we wish to deduce from the appearance of the hormone 
levels in the urine the time and incidence of ovulation, we must agree 
with Gustavson’s statement that “the time of ovulation may vary 
considerably in different individuals, and that the corpus luteum may 
require varying periods of time to reach its full development and 
activity.” 
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Non-Identity of Gray Hair Produced by Mineral Deficiency and 
Vitamin Deficiency. 


Alfred H. Free. (Introduced by Victor C. Myers.) 

■From the Department of Biochemistry, School of Medicine, TTcstcrn Deserve 
University, Cleveland. 


The recent recognition of a specific organic food factor 1 - 1 neces- 
sary for the maintenance of the black fur of black or piebald rats has 
raised the question as to whether the phenomenon of graying noted by 
older workers 1 ' 4 ’ 5 ’ 6 particularly in rats on an exclusive milk diet is 
due to this cause or is due to a specific mineral deficiency. Jukes and 

1 Smith, G. V., and Smith, 0. W., Am. J. Physiol., 1935, 112, 340. 

5 Lauson, H. I?., Holler, C. G., Golden, J. B., and Sevringliaus, E. L., Endo- 
crinolofiy, 1939, 24, 35. 

i Morgan, A. F., Cook, B. B., and Davison, H. G., J. Xvtrition. 1938, 15, 27. 

-’Lunde, G., and Kringstad, Z. physiol. Chcm., 1938, 257, 201. 

3 Hartwell, G. A., Biochcm. J„ 1923, 17, 547, 

4 Eic] » R- L-, and Nelson, V. E., J. Biol. Chcm., 1931, 03, 49. 

r ‘ Gy orgy, l 1 ., Biochcm. J., 1935, 20, 741. 

f’Gorter, F. J., Z. ritaminforscli., 1935, 4, 277. 
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Richardson' have pointed out that milk is not a good source of filtrate 
fraction vitamins. 

1 lie black fur of young piebald rats fed an exclusive diet of either 
powdered whole milk or of fresh certified milk rapidly and uniformly 
became gray. Addition of a supplement of 0.25 mg of iron, 0.05 mg 
of copper and 0.05 mg of manganese cured the grayness if it bad 
developed or prevented any change in the color of the fur of rats 
which were fed milk with the above mineral supplements from the 
time of weaning. Attempts to ascertain which of the 3 metals is 
responsible have not at present yielded entirely conclusive results. 

Rats developing a nutritional anemia show a marked diminution 
of appetite and the possibility exists that the graying of rats may 
be due to a diminished intake of vitamin accompanying the reduced 
intake of the vitamin-poor milk. This has been disproven since in 2 
groups of rats fed isocaloric amounts of milk, those supplemented 
with iron, copper and manganese did not develop grayness whereas 
those fed milk alone became quite gray. It has also been found that 
rats that have developed grayness will become black when supplement- 
ed with the above minerals whereas the isocaloric controls without 
minerals remain gray. Rats, following the production of gray hair by 
a milk diet, when supplemented with a rice bran extract* rich in the 
factors of the B complex very slowly regained their black color. 
However, control rats fed equal quantities of the ashed rice bran 
extract likewise slowly became black. Hemoglobin regeneration 
slowly occurred in both the rats receiving rice bran and in the rats 
receiving rice bran ash. This indicates that the effect with milk-fed 
gray rats is entirely due to inorganic substances in the preparation. 

Rats fed a synthetic diet consisting of purified casein, cane sugar, 
butter, salt mixture, cod liver oil, and supplements of synthetic vita- 
mins B,, B„, and riboflavinf developed gray hair. The hemoglobin 
level in these rats was normal. Iron, copper, and manganese supple- 
ments in no way altered the response of these animals. However, 
rice bran extract in the same amount used above was effective in the 
cure of these animals. With the vitamin-deficient animals the ash of 
the rice bran was without effect. Rats given a daily ration of 50 cc 
of milk plus 1 g of the synthetic diet showed no graying or were 
cured when placed on such a diet after production of the gray hair 
either by mineral or vitamin deficiency. 

All of the present evidence based on experiments with approxi- 

7 Jukes, T. H., and Richardson, G. A., .T. Agr. Bcs., 1938, 37, 003. 

« obtained through the courtesy of Dr. Paul Gyorgy. 

t Kindly supplied by Merck and Co., Inc., Rahway, New .Terser. 
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mateiy 50 rats seems to indicate that graying of black hair in rats 
may result from a deficiency of a factor or factors present in the 
vitamin B complex and may also result from a deficiency of iron, 
copper, and manganese. 


11459 

Effects of Testosterone Propionate on Female Roller Canaries 
under Complete Song Isolation. 

Francis Marsh Baldwin, Howard Sidney Goldin and 
Milton Metfessel. 

From the Physiological and Psychological Laboratories , University of Southern 
California, Los Angeles, Calif. 


It is commonly assumed that secondary sexual characteristics are 
conditioned by the secretions of the respective gonads of each sex. 
Singing in canaries is normally limited to the male of the species and 
so may be considered as a male secondary sexual characteristic. 

Baldwin and Goldin 1 indicated that when testosterone propionate 
was administered to the female viviparous teleost, Xiphophorns 
hclleri Heckel, the male secondary sexual characteristics were in- 
duced in all cases. Noble and Wurnr treated adult females and im~ 
matures of both sexes of the black-crowned night heron, and pro- 
duced male sexual behavior. They concluded that the differences 
between the sexual behavior of adults of this form seem to be regu- 
lated only by proportionate differences in the amounts of male hor- 
mone normally found in these birds. AUee and Collias 3 reported 
crowing in hens treated with testosterone propionate, and cessation 
of this crowing soon after the treatment was stopped, indicating the 
dependence of this behavior on the male hormone. 

Leonard* treated female roller canaries with testosterone propionate 
and reported that they produced song that differed from normal male 
song only in the greater sound volume produced by the males. He 
also stated that his best results were obtained when the females were 
“isolated’' by putting them in individual cages but keeping them in 

'Baldwin, F. M., and Goldin, H. S., I'p.or. Soe. Err. Biol. ,ir» Med., 1939, 
42, S13. 

- Noble, G. K.. and Warm, M.. A not. Pci-., I93S, 72, Suji. 1, CO. 

3 Alice. V. C., and Collin'!. N., Anal. /.Vo., 193S, 72, Su;>. 2. GO. 

4 Leonard. S. L., Pro c. Roc. Err. Biol, akb Med., 1939, 11, tPA>. 
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the same room.* Shoemaker 5 likewise induced song in treated fe- 
male canaries, and observed that the failure of these birds to tread 
receptive females may reflect the lack in testosterone propionate of 
the capacity to imitate the complete chain of events caused by the 
normal testicular hormone, and not to a lack in the nervous system, as 
two untreated females were observed to copulate like males. 

From a behavior standpoint, Lash ley® indicated that in the rat, 
hormone action seems to activate some central nervous mechanism 
to maintain excitability or activity. Moore 7 made observations on 
castrated and transplanted rats that showed the transforming power 
of the gonads of one sex over the psychic nature of the opposite sex. 
He concluded that this psychic behavior, absolutely' distinct in itself, 
lends great weight to the idea of transformed sexual nature. 

Experimental. The canaries used were raised out of doors by a 
local breeder, and were all past one y'ear of age. Each bird was put 
in its own soundproofed, ventilated cage 8 to preclude any' effects of 
song environment in addition to the administration of the testo- 
sterone propionate. These birds were isolated for observation over a 
preliminary' period of 2 weeks before administration to assure the 
absence of any' song. A crystal microphone was placed in each cage 
and provision made for recording any sound of the birds on alumi- 
num discs. An operator listened to the sounds at a control board in 
another room. As soon as any sounds were heard,' samples were re- 
corded. Lights were on in the cages at regular daily' intervals cor- 
responding in length to the normal waking hours of the birds. 

Six birds were used in this problem, 4 for treatment with testo- 
sterone propionate, and 2 to act as oil-treated controls. Injections 
were made daily at the same hour, each bird receiving 2.5 mg of 
testosterone propionatef per injection. Thirteen subcutaneous in- 
jections in alternate breast regions constituted the extent of the ex- 
perimentation. The controls were given similar treatment with 
sesame oil. 

Results. While the microphones, amplifiers and recording disc 
were in readiness for recordings of the voices and calls of the 
treated birds from the start of the injections, the first song calls in 
any of the treated birds were forthcoming on the twelfth day. The 

* From personal communications with the author, S. L. Leonard. 

s Shoemaker, H. H., Proc. Soc. Exp. Biol, and Mf.d., 1939, 41, 299. 

C Lashlcy, K. S., Psycholog. Pev., 1938, 45, 445. 

r Moore, C. B., J- Exp. Zool., 1919, 28, 137. 

S Mctfessol, M., J. Psychology, 1940, lO, 177. 

t The male hormone, Oreton, was furnished through thn kindness of Or. ax 
Gilbert of the Schering Corporation. 
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second bird sang on the thirteenth day, the third bird on the sixteenth 
day, and the fourth bird on the twentieth day. From these data, it 
appears that the average length of time in administration of the hor- 
mone approximates fifteen days to produce song. Three of the 
treated birds gradually developed male-like toursfi that were some- 
what of the same pattern and quality, with limited variations. The 
fourth bird showed a song of a varied pattern that followed the same 
sequences when the songs were repeated. The songs developed ex- 
hibit a small repertoire with poor male quality so far, but with voice 
that was definitely male in character. Cessation of treatment re- 
sulted in a return to the ordinary female calls. 

Conclusion. The administration of testosterone propionate to 
normal adult female roller canaries under conditions of complete 
song isolation brings forth male-like song in approximately 15 days 
after first administration, and thus substantiates previous theories. 2 " 7 
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Isolation of a Murine Neurotropic Virus by Passage of Monkey 
Poliomyelitis Virus to Cotton Rats and White Alice.* 


CUAUS W. JUNGEBUUT AND MURRAY SANDERS.* 

From the department of Bacteriology, Columbia University College of Physicians 
and Surpeons, X eiu Tori-. 


Armstrong 1 * 7 - 3 reported apparent transmission of poliomyelitis 
(Lansing strain) from the monkey to the Eastern cotton rat and to 
white mice. This report deals with attempts to adapt other strains 
of poliomyelitis virus to these rodents. 

Cotton rats (Sigmodon hispidus littoralis) were infected intra- 
cerebrally with 5 recognized strains of monkey poliomyelitis virus 
(RMV, Aycock, Philadelphia, ST Los Angeles, SK New Haven). 
None of the animals injected with the first 4 strains showed any ab- 
normal symptoms. However, of 2 cotton rats injected with the SKt 

t A (our is somewhat analogous to a syllabic of language; there are thirteen 
recognized tours in roller canary song. 

* Supported by n grant from the Ph>Up Hanson Hiss, Jr., Memorial Fund. 

1 Fellow in Dermatology. 

1 Armstrong, C., Public Health Reports, 1939, 54, 1719. 

2 Lillie, It D., and Armstrong, C., Public Health Reports, 1910, 55, 115. 

3 Armstrong, C., Public Health Reports, 1939, 54, 2302. 

t Received in its 11th monkey passage through the courtesy of Dr. John R. Paul. 
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strain 1 died the following day, evidently of trauma; the other one 
succumbed one week later without observed symptoms. No lesions 
were present except a markedly congested brain, sterile upon aerobic 
and anaerobic cultivation. Intracerebral transfer of this brain to 
another cotton rat resulted in mild nervous symptoms within 2 days, 
and death the next day. Further passage of the brain of the second 
cotton rat produced in a third cotton rat flaccid paralysis of both 
hind legs on the 6th day, followed by death 24 hr later. From the 
last 2 cotton rats intracerebral transfers of brain suspensions were 
made to groups of white mice. All injected mice developed complete 
flaccid paralysis of the hind legs, within 3 or 4 days, followed by 
generalized paralysis and death. 

Subsequent attempts to reproduce passage from monkey to cotton 
rats and white mice with the original material were unsuccessful. 
Mouse virus, however, since its isolation, is transmissible from mouse 
to mouse in an unbroken series. At the time of this writing, i. c., 
April 24th, 1940. the virus is in its 23rd passage. Over 2500 
mice have been inoculated; excepting those injected with virus 
known to be inactivated or impotent all mice have developed 
the same characteristic symptoms, with only an occasional recovery, 
to wit: flaccid paralysis (unilateral or bilateral) of hind legs, seldom 
of forelegs, occasional encephalitic syndrome, death. The described 
symptomatology is somewhat similar to that of TheilerV spon- 
taneous mouse encephalitis, but the two viruses differ in important 
aspects (degree of virulence, incubation period, routes of infection, 
age factor, latent immunization, serological reactions). Moreover, 
mice from a Theiler-imniune colony are not protected against infec- 
tion with the mouse virus. 

Stained brain suspensions from paralyzed mice, when examined 
microscopically, show no characteristic morphological unit. Seeding 
of blood agar, broth or 10% serum broth results in no visible growth 
after prolonged aerobic or anaerobic incubation. However, the in- 
fectious agent passes through V, N and W Berkefeld filters without 
appreciable diminution in virulence. It is completely destroyed by 
heating for hr at 60° C and by exposure to ultraviolet light for 1 
min, but resists phenol up to 1 % concentration. In glycerin it has 
remained viable up to 1 month in the icebox. 

White mice may be successfully infected by any one of the follow- 
ing routes: intracerebral, intranasal, intraperitoneal, intravenous, 
subcutaneous and by feeding. Upon intracerebral injection a con- 
stant potency of 1 :1, 000.000 is obtained and an occasional endpoint 

7 Tlieilcr. M., Scit ncc, 1934, 80, 122. 
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of 1 :20,000,000. The maximum incubation period has not exceeded 

1 week and may be as short as 48 hr with lower dilutions. Intra- 
peritoneal injection of a dose of 1 :1000 of a virus brain suspension 
uniformly produces paralysis within from 3 to 4 days. As early as 

2 hr after introducing the virus into the peritoneal cavity it may be 
recovered from the brain and blood in both of which it persists until 
the terminal stage. Virus concentrations were highest in the brain 
and cord, with the adrenal next. Other organs (spleen and liver) 
carried smaller amounts of the infectious agent. 

The virus fails to induce any symptoms in albino rats, guinea pigs 
and rabbits following repeated injections of large doses by a diver- 
sity of routes. It is easily transferable back to cotton rats, pro- 
ducing regularly paralysis and death in that species. Its patho- 
genicity for monkeys is questionable. Of 10 monkeys injected in- 
tracerebrally with either mouse or cotton rat virus 8 passed through 
a sharp fever cycle; only 5 animals developed weakness of the ex- 
tremities and 2 others slight transitory facial paresis. In no case 
did the symptoms progress to typical spinal paralysis. 

In the brain of paralyzed mice diffuse proliferation of glia cells 
and occasional foci of perivascular cuffing are observed. Severe 
damage occurs in the cord in both anterior horns, extending from 
loss of Nissl substance and irregular nuclear staining to a complete 
breakdown of the nerve cell with subsequent neuronophagia. Micro- 
glial proliferation is widespread at some levels as is perivascular 
infiltration. 

Doses of virus ranging from 1 :1, 000, 000 to 1 TOO were tested 
for in vitro inactivation by the following sera: monovalent immune 
sera from monkeys convalescent from infection with RMV, Aycock, 
or SK virus, hyperimmune horse serum (anti-RMV), pooled human 
convalescent serum, normal serum from man, monkey and horse 
and antiviral immune sera against other neurotropic viruses (Theiler- 
mouse encephalitis, equine encephalomyelitis, rabies, St. Louis 
encephalitis, herpes). Normal animal and human sera, as well as 
the other antiviral immune sera, failed to bring about inactivation 
of the virus as its highest effective dilution ( 1 :200,000) ; con- 
valescent Aycock and SK monkey sera and convalescent human 
serum neutralized at slightly lower levels (1 :100,000 to 1 :50,000). 
Neutralization extending through a virus concentration of 1 : 1 000 
was obtained with the hyperimmune horse serum. RMV monkey 
convalescent serum failed to neutralize. The above data are based 
on results obtained in repeated tests. These immunological reac- 
tions arc consistent with those of SK virus in monkeys, which is 
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neutralizable by SIv and Aycock antiserum but not by RMV con- 
valescent monkey serum. 0 A discrepancy exists regarding normal 
human serum which neutralizes SIC virus in monkeys but not mouse 
virus in mice (3 sera tested). 

Eight monkeys were immunized with a series of subcutaneous 
injections of live mouse virus and then tested for cross-immunity 
by intracerebral injection with 3 different strains of virulent monkey 
poliomyelitis virus. The results of this experiment were as 
follows: Three immunized monkeys, subsequently infected with 
the homologous virus, SIC, remained free from paralysis of 
the extremities; none of the other 5 immunized monkeys, subse- 
quently infected with the heterologous strains (Aycock and RMV), 
escaped the disease. An equal number of controls, infected with the 
same virus strains, developed typical poliomyelitis. Neutralization 
tests with monkey sera obtained at the end of immunization showed 
various titers of mouse virus neutralizing antibodies; in 6 instances 
neutralization was obtained in monkey tests against SIC, Aycock, 
and RMV virus (3 with SK, 2 with Aycock, 1 with RMV). 

In its 6th mouse passage the virus was cultivated in serum- 
ultrafiltrate tissue cultures (Sanders 0 ) containing embryonic mouse 
or guinea pig brain or whole minced chick embryo by transferring 
every 3 days supernatant fluid or whole culture emulsion. The 6th 
serial passage of embryonic mouse brain cultures produced typical 
symptoms and death in mice following injection up to 1 :10,000,000 
dilution of the supernatant culture fluid. Similar passages of guinea 
pig brain cultures titrated up to 1 : 10,000. Only traces of virus 
were recovered from the chick embryo cultures. 

r. Trask, J. D., Paul, J. R., and Vignec, A. J., Pboc. Soc. Exp. Biol, and Med., 
1939, 41, 241. 

Q Sanders, M., J , Exp . Med., 1940, 71, 113. 
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Trask, J. D., Paul, J. R., anil Viguee, A. J., Pboc. Soc. Exp. Biol, and Med., 
1939, 41, 241. 

u Sanders, M., J. Exp. Med., 1940, 71, 113. 
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Experimental Arthritis in the Albino Rat Produced by a Group 
A Hemolytic Streptococcus.* 

Sidney Rothbard. (Introduced by E. L. Opie.) 

From the Department of Pathology, Cornell University Medical College, New 

York City. 

Collier 1 described a spontaneous polyarthritis in rats from which 
no microorganism was cultivated. However, bacteriologically sterile 
organs produced the disease on reinoculation into other rats. Rhode? 
and van Rooyen 2 reported a similar disease in rats from which no 
bacteria were recovered by aerobic or anaerobic methods. Findlay, 
Mackenzie, MacCallum and Klieneberger 3 also described a spon- 
taneous, infectious arthritis in rats, but they were able to isolate a 
pleuropneumonia-like organism (L7) in pure culture which repro- 
duced the arthritis when injected into other rats. Recently Watson 4 
has shown that an acute purulent arthritis can be produced in mice 
after injections of several strains of hemolytic streptococci. 

Because of the interest aroused in this subject by these reports and 
because a review of the literature reveals no account of the disease in 
rats due to the streptococcus, it seems advisable to report the produc- 
tion of an acute polyarthritis in the albino rat by the intravenous 
injection of a hemolytic streptococcus recently isolated from the 
blood stream of a patient with septicemia. 

The streptococcus was of the “matt” variety, Group A and of an 
unclassified type.f 0.5 cc of an 18-hour broth culture when injected 
intravenously produced arthritis in 100% of rats weighing from 70 
to 100 g while a smaller dose (0.1 cc) produced it in approximately 
70% of the animals. 

The arthritis appears as early as 48 hours after inoculation. It is 
multiple in character and new joints develop in succession for 8 days 
after inoculation. In a few instances the swelling in some joints has 
decreased during the period of observation while other joints are 

* Supported by a grant from the John and Mary R. Markle and the Ophthal- 
mological Foundations. 

1 Collier, W. A., Geneesk. Tijdschr. Ned.-Ind., 193S, 18, 2845. 

'- Rhodes, A. J., and van Rooyen, C. E., J. Path, and Pact., 1939, 49, 377. 

a Findlay, G. M., Mackenzie, R. D., MacCallum, F. O., and Klieneberger, E., 
Lancet, 1939, 2, 7. 

4 Watson, R. F., personal communication, 1940. 

t Grouped by R. C. Lanceiield of the Hospital of the Rockefeller Institute for 
Medical Research. 
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neutralizable by SK and Aycock antiserum but not by RMV con- 
valescent monkey serum. 5 A discrepancy exists regarding normal 
human serum which neutralizes SK virus in monkeys but not mouse 
virus in mice (3 sera tested). 

Eight monkeys were immunized with a series of subcutaneous 
injections of live mouse virus and then tested for cross-immunity 
by intracerebral injection with 3 different strains of virulent monkey 
poliomyelitis virus. The results of this experiment were as 
follows: Three immunized monkeys, subsequently infected with 
the homologous virus, SK, remained free from paralysis of 
the extremities; none of the other 5 immunized monkeys, subse- 
quently infected with the heterologous strains (Aycock and RMV), 
escaped the disease. An equal number of controls, infected with the 
same virus strains, developed typical poliomyelitis. Neutralization 
tests with monkey sera obtained at the end of immunization showed 
various titers of mouse virus neutralizing antibodies; in 6 instances 
neutralization was obtained in monkey tests against SK, Aycock, 
and RMV virus (3 with SK, 2 with Aycock, 1 with RMV). 

In its 6th mouse passage the virus was cultivated in serum- 
ultrafiltrate tissue cultures (Sanders 0 ) containing embryonic mouse 
or guinea pig brain or whole minced chick embryo by transferring 
every 3 days supernatant fluid or whole culture emulsion. The 6th 
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symptoms and death in mice following injection up to 1 :10,000,000 
dilution of the supernatant culture fluid. Similar passages of guinea 
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3 Trask, J. D., Paul, J. R., and Vignee, A. J., Pkoc. Soc. Exp. Biol, and Med., 
1S39, -U, 241. 

0 Sanders, M., J . Exp. Med., 1940, 71, 113. 
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Sidney Rothbard. (Introduced by E. L. Opie.) 

From the Department of Pathology, Cornell University iledical College, New 

Pork City. 

Collier 1 described a spontaneous polyarthritis in rats from which 
no microorganism was cultivated. However, bacteriologically sterile 
organs produced the disease on reinoculation into other rats. Rhodes 
and van Rooyen 2 reported a similar disease in rats from which no 
bacteria were recovered by aerobic or anaerobic methods. Findlay, 
Mackenzie, MacCallum and Klieneberger 3 also described a spon- 
taneous, infectious arthritis in rats, but they were able to isolate a 
pleuropneumonia-like organism (L7) in pure culture which repro- 
duced the arthritis when injected into other rats. Recently Watson 1 
has shown that an acute purulent arthritis can be produced in mice 
after injections of several strains of hemolytic streptococci. 

Because of the interest aroused in this subject by these reports and 
because a review of the literature reveals no account of the disease in 
rats due to the streptococcus, it seems advisable to report the produc- 
tion of an acute polyarthritis in the albino rat by the intravenous 
injection of a hemolytic streptococcus recently isolated from the 
blood stream of a patient with septicemia. 

The streptococcus was of the “matt” variety, Group A and of an 
unclassified typej 0.5 cc of an 18-hour broth culture when injected 
intravenously produced arthritis in 100% of rats weighing from 70 
to 100 g while a smaller dose (0.1 cc) produced it in approximately 
70% of the animals. 

The arthritis appears as early as 48 hours after inoculation. It is 
multiple in character and new joints develop in succession for 8 days 
after inoculation. In a few instances the swelling in some joints has 
decreased during the period of observation while other joints are 

* Supported by a grant from the John and Mary R. Markle and the Ophthal- 
mological Foundations. 

l Collier, W. A., Geneeslc. Tijdsclir. Xcd.-lnd., 193S, 78, 2843. 

- Rhodes, A. J., and van Rooyen, C. E., J. Path, and Bad., 1939, 49, 377. 

3 Findlay, G. M., Mackenzie, R. D., MacCallum, F. O., and Klieneberger, E., 
Lancet, 1939, 2, 7. 

4 Watson, R. F., personal communication, 1940. 

t Grouped by R. C. Lancefield of the Hospital of the Rockefeller Institute for 
Medical Research. 
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becoming involved. The diseased joints are swollen, dusky red in 
color, hot and painful to palpation. (Fig. 1.) In some animals 
as many as S different joints develop arthritis. The ankle joint is in- 
volved most often, the wrist next in frequency and then the tarsal 
and carpal interphalangeals. Many of the joints healed completely, 
but others have progressed, and the arthritis has been present for 8 
weeks after inoculation. The rats move about with difficulty, drag 
their hind limbs and appear ill, but as a rule, do not succumb to the 
infection. 

Gross and microscopic examinations have been made up to 7 
days after onset of the disease. At this period the joint is enlarged, 
the periarticular tissues are oedematous and have a mucinous con- 
sistency. The synovial membrane is grey yellow in color and cov- 
ered with a gelatinous exudate. The synovial fluid is in slight excess, 
viscid and opaque, but not purulent. The cellular content of the 










Fig. 1. , ,. .. 

Pnmnirisoii between the ankle joints of a rat with arthritin 7 days after the 
intravenous injection of 0.5 cc of hemolytic streptococci (A) and those of a norma 

rat '(B). 
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exudate shows on an average, 65% polymorphonuclear leukocytes 
and 35% round cells. Streptococci are demonstrable in smears of 
the synovial fluid and are cultured without difficulty. These or- 
ganisms, when reinjected into other rats, reproduce the disease. The 
cartilage and bone show no changes at this stage. Heart blood cul- 
tures are positive for 5 days after the intravenous injection. In 5 
instances an acute purulent endophthalmitis involving one eye was 
found. 

Microscopically, the periarticular tissues are oedematous with 
separation of the muscle fibres and fascia. Fibrin and pink-staining 
fluid are present in the interstitial spaces. The tissues are infiltrated 
with polymorphonuclear leukocytes which are found in focal col- 
lections in some areas, a few monocytes and an occasional lympho- 
cyte. The subsynovial fat shows the same type of cellular reaction 
that is present in the periarticular tissue. The most conspicuous 
inflammatory reaction appears in the synovial villi. In some areas 
the synovial membrane is absent, but in others there is evidence of 
proliferation of synovial cells. The joint cavities contain considerable 
cellular debris, fibrin, polymorphonuclear leukocytes and round cells. 

A more detailed study of this experimental disease is now in 
progress. 

Summary. An acute multiple arthritis has been produced in 45 
of 51 albino rats by the intravenous injection of a Group A hemo- 
lytic streptococcus. In the eyes of 5 rats, an acute monocular 
purulent endophthalmitis was present. 

The author wishes to thank Dr. D. M. Angevine for his assist- 
ance in this work. 
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Availability of Glucose for Human Brain Oxidations.* 


Joseph Wortis and Walter Goldfarb. 

From the Division of Psychiatry, Bellevue Hospital, and the Department of 
Psychiatry, New York University Medical College, Yew York City. 


Tlie ready availability of glucose for brain tissue oxidations has 
been demonstrated both in the Warburg apparatus (Warburg, Pose- 
ner and Negelein 1 ) and in the intact organism (Hirmvich and 
Nahum,' Lennox s ) Darnashek, Alyerson and Stephenson 1 have 
shown that when the human brain is deprived of this foodstuff 
during insulin hypoglycemia the oxygen uptake of the brain is 
correspondingly diminished, and Himwich, Bowman, Wortis and 
Fazekas 3 have shown that in the deep coma associated with thera- 
peutic insulin shock brain metabolism approaches zero. Under these 
conditions in humans the brain potentials have been found to be 
diminished (Hoagland, Rubin and Cameron 0 ) and typical neurologic 
signs appear. Clinical coma, neurologic signs and the characteristic 
brain potential changes all disappear after glucose administration. 
The increased oxygen uptake by the brain after glucose administra- 
tion had already been demonstrated in dogs (Himwich, et a/., 1 ), 
and in humans the neurological signs are alleviated by the adminis- 
tration of as little as 4 g of glucose (Himwich, Frostig, et al . 8 ) 

In the course of our investigations of the availability of various 
food substrates for brain metabolism (Wortis and Goldfarb 0 ) we 
have undertaken to establish the metabolic response of the brain to 
small doses of glucose administered intravenously to schizophrenic 

* Aided by a grant from the Havelock Ellis Fund for Psychiatric Research. 

1 Warburg, O., Posener, K., and Negelein, E., Biochem. Z., 1924, 152, 309. 

2 Himwich, H. E., and Nahum, L. H., Am. J. Physiol., 1930, 90, 389. 

3 Lennox, W. G., Arch. Neurol. Psych., 1931, 20, 719. 

4 Darnashek, W., Alyerson, A., and Stephenson, C., Arch. Neurol, and Psychiat., 
1935, 33, 1. 

a Himwich, H, E., Bowman, E. AL, Wortis, J., and Fazekas, J. F., J. Nervous 
and Mental Disease, 1939, 273. 

« Hoagland, H., Rubin, AL A., and Cameron, D. B., Am. J. Physiol, 1937, 
120 , 559. 

7 Himwich, H. E., and Fazekas, J. F., Endocrinol., 1937, 31, 800. 

8 Himwich, H. E., Frostig, J. P., Fazekas, J. F., and Hadidian, Z., Am. J. 
Psyahiat., 1939, 90, 371. 

0 Wortis, J., and Goldfarb, W,, Science , 1940, 91, 270. 
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subjects during therapeutic insulin shock, to serve as a basis of com- 
parison for the availability of other substrates for brain oxidations. 

Experimental. The cerebral metabolism was estimated from the 
arterio-venous differences of 0 2) CO : , and glucose. The arterial 
blood was obtained from either the brachial or femoral arteries, and 
the venous blood was sampled from the internal jugular vein using 
the technic described by Myerson, et al. w The blood samples were 
analyzed for 0 2 , C0 2 (Van Slyke and Neill 11 ), and glucose (Folin 
and Wu 1! ). The velocity of circulation in the peripheral vascular 
system was estimated with the method of Robb and Weiss. 13 The 
metabolism of the brain was estimated after the patients were in 
hypoglycemic coma, and again at various intervals after the admin- 
istration of 4 g of glucose intravenously. The latter dose was chosen 
after some preliminary trial as the minimum amount required to 
rouse the patients. At the end of the experiment the patients were 
given the usual large amount of glucose to terminate the treatment. 

The summary of data is presented in Table I. In 15 patients the 
administration of 4 g of glucose intravenously was sufficient to 
promptly rouse the patients from coma. In 13 experiments the 

TABLE I. 


Effect of 4 Grams of Glucose Intravenously on Cerebral Metabolism of Scliizo 
phrenic Patients in Coma. 


Exp. 

No. 

Min. after 
glucose 

Volume % oxygen 

Glucose 

Circ. 

Time 

Art. 

Ven. 

Diff. 

Art. 

Ven. 

1 

10 

19.4 

15.8 

3.6 



11 

O 

5 

19.8 

13.2 

6.6 




3 

5 

17.9 

15.1 

2.8 

57 

57 

10 

4 

9 

21.4 

13.1 

8.3 



14 

5 

5 

18.1 

8.4 

9.6 

4S 

40 

12 

0 

4 

19.0 

12.3 

6.7 




7 

4 

21.8 

14.1 

7.7 

56 

43 

15 

S 

5 

20.5 

15.9 

4.6 

69 

68 

10 

9 

5 

19.2 

14.4 

4.8 

47 

43 

10 

10 

6 

22.4 

15.9 

6.5 

53 

47 

10 

11 

5 

20.9 

16.1 

4.8 




12 

5 

19.6 

14.4 

5.2 




13 

4 

17.1 

13.1 

4.0 

56 

62 

16 

14 

4 

19.0 

16.0 

3.0 

23 

30 


15 

4 

20.9 

17.2 

3.7 

42 

49 


Avg 


19.8 

14.3 

5.46 

50 

49 

12.0 

Avg of GO cases in insulin 






coma 


19.6 

16.7 

2.9 

23 

21 

11.8 


10 Myerson, A., Halloran, B. D., Hirseh, H. L., Arch. Xcurol. and Psychiat., 1927, 
17 , S07. 

11 Van Slyke, D. D., and Neill, J. M., J. Biol. Client., 1924, 51 , 523. 

13 Folin, O., and Wu, H., J. Biol. Chem., 1920, 41 , 367. 

13 Robb, G. P., and Weiss, S., Am. Heart J., 1932-3, 8, 650. 
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oxygen uptake of the brain was increased significantly above the 
average of a large control series, the average changing from 2.9 
volumes % to 5.46 volumes °/o after glucose administrations. During 
coma the arterial glucose averaged 23 mg % and the venous sugar 21 
mg c /o. After glucose administration the values were 50 and 49 mg 
% respectively. The circulation time revealed no change. 

ihe estimation of brain metabolism in these experiments was 
based on the differences between the concentrations of various sub- 
stances in the arterial and venous blood. We are in agreement with 
other investigators that this method does not measure the total 
metabolism of the brain, and that the observations are affected by 
changes in blood flow; Abramson, ct al., 1 ' have observed an increased 
blood flow in the extremities of patients receiving insulin therapy for 
schizophrenia, and the authors concluded that the evidence strongly 
suggested that there was an increased blood flow through the brain. 
They believe that the reduced oxygen uptake found in insulin hypo- 
glycemic coma may be attributable to this possibly increased blood 
flow through the brain. Abramson's observations, however, in 
contrast to ours, were made less than 2 hours after insulin injection, 
preceding the onset of coma. Moreover, it is well known that blood 
flow through the brain may vary independently of the blood flow in 
the periphery, and is principally controlled by the arterial blood 
pressure. The latter gradually falls if the hypoglycemia is not asso- 
ciated with convulsive seizures. Direct observation of blood flow 
during insulin hypoglycemia in rabbits reveals no significant changes 
unless convulsions occur (Leibel and Hall 13 ). In humans a gradual 
decrease in brain blood flow occurs during insulin hypoglycemia 
(Loman and Myerson 10 ). Such a decrease in blood flow indicates 
that there is probably an even greater diminution of brain metabolism 
than the diminished arterio-venous oxygen differences recorded by 
Himwich, Bowman, Wortis and Fazekas 17 would indicate. It will 
be noted that the arterio-venous difference for glucose did not return 
to normal values with the return to a normal oxygen difference. This 
apparent discrepancy can probably be explained on the assumption 
that the glucose administered is rapidly absorbed by the tissues, in- 
cluding the brain tissue, and that its subsequent utilization within the 
cell is not accompanied by any further removal of gluc ose from the 

14 Abramson, D. I., Selicsloien, X., Margolis, M. X., and Husky, I. A., Ain. J. 


Phyuol., 1939, 128, 121- 

ia Leibel, B. S., and Hall, G. E., Proc. Soc. Exp. Biol. and Med., 1938, 38, 8J4. 
10 Loman, J., and Myerson, A., Am. J. Psijchiat., 1936, 02, 791. 
n Wortis, J., Bowman, K. M., Goldf.ub, W., Fazekas, J. F., and Hinnuch, H. E., 
Am. J- Physiol., 1940, in press. 
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blood. Since there is no comparable intracellular storage of oxygen 
the increased oxygen uptake continues. This supposition is supported 
by reference to blood sugar curves after the administration of 4 g of 
glucose intravenously to patients in insulin coma. These show a 
rapid removal of glucose from the blood, preceding clinical arousal 
(Fig. 1) with a persistence of clinical recovery long after the blood 
glucose ceases to show any further considerable drop. 

The rapid clinical arousal and the rapid increase in oxygen uptake, 
however, again confirm the ready availability of glucose as a metabolic 
substrate for the human brain, and affords a convenient yardstick 
for comparison with the availability of other foodstuffs for brain 
metabolism during hypoglycemic insulin coma. 

Summary and Conclusions. The availability of glucose for brain 
oxidations in hypoglycemic insulin coma was studied in human pa- 
tients. The intravenous administration of 4 g (in 50% solution) 
invariably aroused the patients and approximately doubled the oxygen 
uptake of the brain. 

awake mmmmmmrnmmmmmmmmmmmm 

coma wmmmmmmmmmrnm 



The solid line shows the amount of increase of blood glucose (antebrachial 
vein) following intravenous administration of t g of glucose during insulin coma. 
The dotted line shows the amount of rise above fasting levels in the same patients 
on non-treatment days. The comatose patients almost invariably roused in about 
4 minutes. The curves are based on averages of 13 experiments in coma, and 7 
experiments outside of coma. 
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oxygen uptake of the brain was increased significantly above the 
average of a large control series, the average changing from 2.9 
volumes % to 5.46 volumes % after glucose administrations. During 
coma the arterial glucose averaged 23 mg % and the venous sugar 21 
mg %. After glucose administration the values were 50 and 49 mg 
c /o respectively. The circulation time revealed no change. 

The estimation of brain metabolism in these experiments was 
based on the differences between the concentrations of various sub- 
stances in the arterial and venous blood. We are in agreement with 
other investigators that this method does not measure the total 
metabolism of the brain, and that the observations are affected by 
changes in blood flow : Abramson, et al ./* have observed an increased 
blood flow in the extremities of patients receiving insulin therapy for 
schizophrenia, and the authors concluded that the evidence strongly 
suggested that there was an increased blood flow through the brain. 
They believe that the reduced oxygen uptake found in insulin hypo- 
glycemic coma may be attributable to this possibly increased blood 
flow through the brain. Abramson's observations, however, in 
contrast to ours, were made less than 2 hours after insulin injection, 
preceding the onset of coma. Moreover, it is well known that blood 
flow through the brain may vary independently of the blood flow in 
the periphery, and is principally controlled by the arterial blood 
pressure. The latter gradually falls if the hypoglycemia is not asso- 
ciated with convulsive seizures. Direct observation of blood flow 
during insulin hypoglycemia in rabbits reveals no significant changes 
unless convulsions occur (Leibel and Hall 15 ). In humans a gradual 
decrease in brain blood flow occurs during insulin hypoglycemia 
(Loman and Myerson 10 ). Such a decrease in blood flow indicates 
that there is probably an even greater diminution of brain metabolism 
than the diminished arterio-venous oxygen differences recorded by 
Himwich, Bowman, Wortis and Fazekas 17 would indicate. It will 
be noted that the arterio-venous difference for glucose did not return 
to normal values with the return to a normal oxygen difference. This 
apparent discrepancy can probably be explained on the assumption 
that the glucose administered is rapidly absorbed by the tissues, in- 
cluding the brain tissue, and that its subsequent utilization within the 
cell is not accompanied by any further removal of glucose from the 

11 Abramson, D. I., Schcsloveu, X., Margolis, M. N., and Musky, I. A., Am. J. 


Physiol., 1039, 128, 124. 

15 Leibel, B. S., and Hall, G. E., Pnoc. Soc. Exp. Biol, and Med., 193S, A 8 , bJi . 
l« Loman, J., and Myerson, A., Am. J. Psychiat., 1930, 92, 791. 

IT Wortis, J., Bowman, IC. M., Goldfarb, W., Fazekas, J. F„ and H.nnvieh, II. L„ 
Am. J. Physiol., 1940, in press. 
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nieotimiric acid 
diphosphopyridine nucleotide 
vitamin B 6 hydrochloride 
dinicotinie acid 
alpha picoline 
alpha picoline methiodide 
beta picoline 

5,6-dichlor-nicotinic acid 
trigonelline 
5-amino-nicotinic acid 

3. 5- diamino-2, 6-dimethyl pyridine 

2.6- dimethyl pyridine 

2,6-dimethyl pyridine hydrochloride 

2.6- dimethyl dinicotinie acid (K salt) 

diurethyl lutidine (3, 5-diurethyl-2, 6-dimethyl pyridine) -i 

pyridine 2,3,5,6-tetracarboxylic acid 

2.4.6- trimethyl dinicotinie acid (K salt) 

1.4- dihydro-, 3,5-diearbethoxy-, 2,4,6-trimethyl pyridine 
1,4 dihydro-, 3,5-dicarbethoxy-, 2,6-dimethyl pyridine 

3.5- dicarbethoxy-, 2,6-dimethyl pyridine 

3,5-dicarbethoxy-, 2,4,6-trimethyl pyridine 
quinoxaline 2-3-dicarboxylic acid 
pyrazine monocarboxylic acid 
pyrazine 2,3-dicarboxylic acid 
2-methyl, 3-hydroxy-quinoxaline 

Most of these compounds gave negative results. Both compounds 
containing a 5-amino substitution in the pyridine ring gave a fluor- 
escence with an indigo blue tint resembling that of thiochrome, rather 
than that of the unknown; alkali was not needed to bring this out. 
Both compounds containing the 1,4 dihydro-, 3,5 dicarbethoxy sub- 
stitutions gave a strong fluorescence, the color in both instances 
showing distinct differences from the unknown — the dimethyl com- 
pound giving a deep blue fluorescence and the trimethyl a violet 
emission ; fluorescence appeared without the addition of alkali. The 
3,5 dicarbethoxy dimethyl and trimethyl pyridines gave, also with- 
out alkali addition, a bluish fluorescence somewhat resembling the 
unknown, but the spectra given by these solutions were not identical 
with that of the fluorescent urinary extracts, from which it would 
appear that these compounds were not identical with the unknown. 
Diphosphopyridine nucleotide showed a blue fluorescence similar to 
that of the unknown, which likewise developed only after the addi- 
tion of alkali. The fluorescent spectrum, however, showed marked 
differences from the unknown. Since the fluorescent spectrum of 
diphosphopyridine nucleotide has not, so far as we are aware, been 
studied, it is reproduced herewith. (Fig. 1.) 

None of the compounds tested could, therefore, be identified with 
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Presence of a Hitherto Unrecognized Nicotinic Acid Derivative 

in Human Urine.* 


Victor A. Najjar axd Robert W. Wood. (Introduced by L. 
Emmett Holt, Jr.) 

From the Departments of Pediatrics and Physics, Johns Hoplcins University, 
Baltimore, Maryland. 


In the course of some studies on the excretion of thiamin in urine 
by means of the thiochrome method, using the procedure of Hen- 
nessy and Cerecedo, 1 it was noted that treatment of the KC1 eluate 
of urine with alkali, even in the absence of ferricyanide, yielded a 
small amount of a substance soluble in butyl alcohol which gave a 
bluish fluorescence with ultraviolet light. This fluorescence could 
be distinguished from that given by thiochrome even with the naked 
eye, being a whitish blue without any tinge of violet. Specimens of 
urine from a large series of normal individuals of various ages were 
found to exhibit such fluorescence in slight degree. A patient re- 
ceiving nicotinic acid therapy, however, was found to excrete it in 
large amount, suggesting that nicotinic acid was the precursor of 
this substance. Following this observation the effect of taking 
nicotinic acid was studied in normal individuals, and it was found 
that a dose of 50 mg of nicotinic acid, given to an adult, produced a 
prompt increase in the excretion of the unknown material. An in- 
crease in its concentration in the urine could be detected within an 
hour, and persisted for 4 to 6 hours. 

We have attempted to identify the unknown urinary constituent 
by studies of the fluorescence of 27 different pyridine derivatives.! 
These compounds were dissolved in 25% KC1 solution, both with 
and without treatment with alkali; the aqueous solution was then 
extracted with butyl alcohol, the alcoholic extract being tested for 
fluorescence with ultraviolet light. The following substances were 

tested : 

nicotinic acid 
nicotinic acid amide 

* This study was aided by a grant from Mead Johnson and Co., Evansville, Ind. 
l Hennessy and Cerecedo, J. Am. Chem. Soc., 1939, 01, 179. 
t Most of these compounds were furnished us through the courtesy of Dr. 
Charles E. Bills. Dr. William A. Perlzweig was kind enough to supply us with 
samples of trigonelline and nicotinuric acid, and Dr. Eric G. Ball with the sample 
of diphosphopyridine nucleotide; the vitamin B 0 hydrochloride was furnished by 
Merck and Company. 
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of normal urine and urine after nicotinic acid administration, the 
eluates being treated as before with alkali and extracted with butyl 
alcohol. The fluorescent spectra obtained, which are reproduced 
herewith, indicate that the substance present in small amount in 
normal urine is identical with that obtained in larger quantity after 
the ingestion of nicotinic acid. The photographs were taken with a 
small quartz spectrograph. The mercury lines appear faintly super- 
imposed on the spectrum as the result of Rayleigh scattering of the 
solvent. 

A number of observations were made upon the stability and 
differential solubility of the unknown substance. Boiling destroys 
the substance, more rapidly in the presence of alkali. At room 
temperatures it is destroyed slowly in alkaline solution and slowly 
by KjFe (CN) U . The fluorescence of the butyl alcohol extract is 
readily destroyed by exposure to sunlight, but not by ultraviolet light 
passed through a Wood filter. It is readily extracted from aqueous 
solution by butyl or isobutyl alcohol, but not by amyl alcohol, octyl 
alcohol, chlorbenzene, benzene or chloroform. 

The probability that this substance represents an excretion product 
of nicotinic acid suggests that its measurement may prove of value 
in states of nicotinic acid deficiency in man ; one might anticipate 
finding a low value with subnormal excretion following a test dose 
of nicotinic acid. Up to the present we have had no opportunity of 
testing patients with nicotinic acid deficiency. Through the courtesy 
of Dr. C. A. Elvehjem we have tested the urine of a dog with black 
tongue before and after treatment. We were, however, unable to 
identify the unknown fluorescent material in the urine of this animal 
either before or after treatment with nicotinic acid, which suggests 
that the dog may conjugate this substance by a different mechanism 
from that which occurs in man. 

In the hope that others may have an opportunity to apply this 
procedure to pellagrins, it is given in detail : 

To 20 cc urine are added 10 g permutit (“Decalso” 30 mesh) 
in a small separatory funnel; this is shaken for 15 minutes gently. 
The permutit is then washed with 5 portions (30 cc each) of dis- 
tilled water, the washings being discarded. The permutit is then 
dried by suction. Ten cc of a 25 % KC1 solution are then added 
and the funnel is shaken well for 15 minutes. The fluid is then 
allowed to drain from the permutit drop by drop the last portion 
being expelled by air. The permutit is washed with 2 to 4 cc of 
KC1 solution which is added to the eluate previously collected. The 
eluate is then divided into two equal portions, to one of which one 
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Fig. I. 

Photographs of Fluorescent Spectra. 


Diphosphop) ridine nucleotide 


Normal urine 


Urine after taking nicotinic 
acid (highly diluted) 


Mercury lines (from scattered 
3660 4046 5460 light) 

Fig. 2. 

Spectrograms. 

the unknown. An attempt was made to produce the unknown sub- 
stance from nicotinic acid and from nicotinic acid amide in vitro by 
incubating normal urine with these compounds for 24 hours at 37° C. 
This procedure failed to increase the content of the unknown fluor- 
escent material. The possibility that the unknown material might 
be a porphyrin was considered ; however, spectroscopic examination 
of the ICCl eluate failed to confirm this. 

Photographs of the fluorescent spectrum were made with equates 
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and we have employed it, with slight modifications of the original 
method, since 1937. 

A mixture consisting of 7 volumes of 95% alcohol and 3 volumes 
of redistilled absolute ether is cooled to -20°C or -1S°C. To this 
mixture 1 volume of serum, previously cooled to 4°C, is added drop 
by drop and very slowly, the contents of the container being vigor- 
ously stirred for the entire time. After all the serum has been added, 
the flask is well shaken and allowed to stand for 2 hours. 

The resulting fine white precipitate of serum proteins is filtered 
off on a Buchner funnel and is washed repeatedly with absolute 
ether cooled to -20° C. Since as much alcohol as possible should be 
removed, it is desirable, whenever practical, to use 20 volumes of 
absolute ether for the washings at this stage. The filter paper with 
the protein is placed over sulphuric acid in a vacuum desiccator, 
which is then evacuated to remove the remaining ether. Solid 
carbon dioxide is used to cool the precipitating and washing fluids. 

When this procedure was carried out with small amounts of 
serum (10-20 cc), the protein preparation obtained was in the form 
of a coarse white powder, which was slowly soluble. A solution of 
this preparation was perfectly clear and resembled the original serum 
in appearance. Clear solutions can still be obtained from the dried 
preparations made 2 years ago. 

Three experiments were carried out to test the physiologic prop- 
erties of dried proteins prepared by this method from dog serum. 
(1.) Ten gram portions of dried serum were dissolved in physio- 
logic saline solution by prolonged stirring, after which the solution 
was centrifugalized for 30 minutes at about 3,000 rpm to remove 
any undissolved protein present. It was then filtered through a 
Seitz bacteriological filter and the protein content was checked by 
the colorimetric method of Johnston and Gibson. 3 Twenty cc of the 
solution (2 g of protein) were injected intravenously into a dog 
after a preliminary temperature observation had been recorded. No 
alterations in temperature were observed in observations made at 
15-minute intervals for several hours after the injection. (2.) The 
experiment was repeated with a different protein solution on another 
dog without ill effects. (3.) A third dog was given 50 cc of solution 
(5 g of protein) representing a combination of 2 other protein prep- 
arations. A transitory temperature elevation of 1°C was observed. 

Experiments were then carried out with human serum proteins 
of appropriate blood type, which were dried, dissolved, Seitz-filtered, 

3 Johnston, G. W„ :iml Gibaon, R. B., Jm, J. Clin. Path. Tech. Suppl., 1933, 

8 , 22 . 
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cc of 13% NaOH is added. Both samples are then shaken immed- 
iately with 13 cc butyl alcohol for 3 minutes. The mixture is then 
centrifuged to separate the butyl alcohol layer and this is treated 
with anhydrous Na = S0 4 to remove traces of water, and is allowed to 
stand in the dark for 20 minutes. Fluorescence is then determined 
in a Pfaltz and Bauer fluophotometer, the source of light for which 
is a mercury vapor bulb (General Electric, type H3-85 watts) 
shielded by a Wood filter (Jena LIG-2), the emitted fluorescence 
being measured after the interposition of a double filter of bright 
bluish green (Jena BG-14) and bright yellow (Jena GG-3). The 
difference in fluorescence between the sample treated with alkali and 
that not so treated represents the fluorescence of the unknown com- 
pound. Comparative quantitative measurements can be obtained 
by comparing the fluorescence with that of a quinine sulfate solution 
containing 10 to 25 pg % in 0.1 normal 41:504. The daily output 
of the unknown substance in urine of normal adults gives a fluor- 
escence corresponding roughly to 100 pg of quinine sulfate. After 
the ingestion of 50 mg of nicotinic acid, the concentration in urine 
reaches 8 to 10 times its previous value, during the first 4 hours. 


11464 P 

A Simple Method of Preparing Dried Serum Proteins for 
Therapeutic Use. 

W. Knowlton Hall, David E. Fader and George M. Decherd 

From the Departments of Biochemistry and Medicine, School of Medicine, 
Louisiana State University, Xcw Orleans. 


Attempts to preserve serum proteins in a dry form for thera- 
peutic use have been made for a number of years. Flosdorf and 
Mudd’s 1 method of preparing "lyophile” serum is for the most 
part satisfactory, but requires complicated and expensive spe- 
cial apparatus which was not at our disposal when we began to 
work with dried serum proteins. We therefore found it necessary 
to find or devise some method which could be carried out with 
ordinary laboratory apparatus. After preliminary trials with sev- 
eral other methods, we found the method devised by Hartley 2 for the 
preparation of dry and lipid-free immune sera to be most suitable, 

1 Flosdorf, E. W., and Mudd, S., J. Immunol, 1935, 29, 389. 

2 Hartley, P., Brit. J. Exp. Path., 1925, 6, 181. 
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and we have employed it, with slight modifications of the original 
method, since 1937. 

A mixture consisting of 7 volumes of 95 °/o alcohol and 3 volumes 
of redistilled absolute ether is cooled to — 20° C or — 18° C. To this 
mixture 1 volume of serum, previously cooled to 4°C, is added drop 
by drop and very slowly, the contents of the container being vigor- 
ously stirred for the entire time. After all the serum has been added, 
the flask is well shaken and allowed to stand for 2 hours. 

The resulting fine white precipitate of serum proteins is filtered 
off on a Buchner funnel and is washed repeatedly with absolute 
ether cooled to -20°C. Since as much alcohol as possible should be 
removed, it is desirable, whenever practical, to use 20 volumes of 
absolute ether for the washings at this stage. The filter paper with 
the protein is placed over sulphuric acid in a vacuum desiccator, 
which is then evacuated to remove the remaining ether. Solid 
carbon dioxide is used to cool the precipitating and washing fluids. 

When this procedure was carried out with small amounts of 
serum (10-20 cc), the protein preparation obtained was in the form 
of a coarse white powder, which was slowly soluble. A solution of 
this preparation was perfectly clear and resembled the original serum 
in appearance. Clear solutions can still be obtained from the dried 
preparations made 2 years ago. 

Three experiments were carried out to test the physiologic prop- 
erties of dried proteins prepared by this method from dog serum. 
(1.) Ten gram portions of dried serum were dissolved in physio- 
logic saline solution by prolonged stirring, after which the solution 
was centrifugalized for 30 minutes at about 3,000 rpm to remove 
any undissolved protein present. It was then filtered through a 
Seitz bacteriological filter and the protein content was checked by 
the colorimetric method of Johnston and Gibson. 3 Twenty cc of the 
solution (2 g of protein) were injected intravenously into a dog 
after a preliminary temperature observation had been recorded. No 
alterations in temperature were observed in observations made at 
15-minute intervals for several hours after the injection. (2.) The 
experiment was repeated with a different protein solution on another 
dog without ill effects. (3.) A third dog was given 50 cc of solution 
(5 g of protein) representing a combination of 2 other protein prep- 
arations. A transitory temperature elevation of 1°C was observed. 

Experiments were then carried out with human serum proteins 
of appropriate blood type, which were dried, dissolved, Seitz-filtered, 

3 Johnston. G. \V„ and Gibson, R. B., Jm. J. Clin. Puth. Tech. Xuppf., 1933, 
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cc of 15 % NaOH is added. Both samples are then shaken immed- 
iately with 13 cc butyl alcohol for 3 minutes. The mixture is then 
centrifuged to separate the butyl alcohol layer and this is treated 
with anhydrous Na 2 S0 4 to remove traces of water, and is allowed to 
stand in the dark for 20 minutes. Fluorescence is then determined 
in a Pfaltz and Bauer fluophotometer, the source of light for which 
is a mercury vapor bulb (General Electric, type H3-85 watts) 
shielded by a Wood filter (Jena UG-2), the emitted fluorescence 
being measured after the interposition of a double filter of bright 
bluish green (Jena BG-14) and bright yellow (Jena GG-3). The 
difference in fluorescence between the sample treated with alkali and 
that not so treated represents the fluorescence of the unknown com- 
pound. Comparative quantitative measurements can be obtained 
by comparing the fluorescence with that of a quinine sulfate solution 
containing 10 to 25 p-g % in 0.1 normal PTSCh. The daily output 
of the unknown substance in urine of normal adults gives a fluor- 
escence corresponding roughly to 100 pg of quinine sulfate. After 
the ingestion of 50 mg of nicotinic acid, the concentration in urine 
reaches 8 to 10 times its previous value, during the first 4 hours. 
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A Simple Method of Preparing Dried Serum Proteins for 
Therapeutic Use. 

W. Knowlton Hall, David E. Fader and George M. Decherd 

From the Departments of Biochemistry and Medicine, School of Medicine, 
Louisiana State University, New Orleans. 


Attempts to preserve serum proteins in a dry form for thera- 
peutic use have been made for a number of years. Flosdorf and 
Mudd's 1 method of preparing "lyophile" serum is for the most 
part satisfactory, but requires complicated and expensive spe- 
cial apparatus which was not at our disposal when we began to 
work with dried serum proteins. We therefore found it necessary 
to find or devise some method which could be carried out with 
ordinary laboratory apparatus. After preliminary trials with sev- 
eral other methods, we found the method devised by Hartley 2 for the 
preparation of dry and lipid-free immune sera to be m ost suitable, 

TiTosdorf, E. W., and Mudd, S., J. Immunol., 1935, 29, 389. 

2 Hartley, P., Brit. J. Exp. Path., 1925, 6, 181. 
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On the other hand, Heckel and Hori* found no noteworthy effects 
on spermatogenesis in 11 normal patients given sulfanilamide. 
Levaditi and Vaisman", as well as Palazzoli, Nitti, Bonet, and Levin- 
son, 0 observed little effect from sulfanilamide on spermatogenesis in 
experiments with mice, rats and rabbits. 

Since all of the work referred to was carried out in vivo, and 
as far as the author is aware, no experiments have been made on the 
in z f itro effect of sulfanilamide on spermatozoa, the following studies 
were conducted on the effect of sulfanilamide and sulfapyridine as 
well. 

Materials and Methods: The seminal specimens studied in these 
experiments were of varying freshness. They were furnished by 
20 donors ranging from 17 to 51 years. Approximately 0.01 ml of 
semen was thoroughly mixed with 1 ml of Baker’s 7 fluidf containing 
either sulfanilamide or sulfapyridine in concentrations of 5 to 160 
mg % ; the specimens thus mixed were kept both at 22°C (approxi- 
mately) and body temperature. Control tests were conducted with 
the same amount of semen in Baker’s fluid alone, also kept at the 
2 temperatures. Sulfanilamide and sulfapyridine were also added 
to 1 ml of undiluted semen in a number of experiments, in an 
amount sufficient to give maximum concentration at the respective 
temperatures, undiluted semen alone being used as a control. Ob- 
servations were made at frequent intervals, particularly toward the 
end of an experiment, so that the time of cessation of all move- 
ment could be accurately ascertained. Depression slides were used 
and while observations were not being made, they were kept in 
closed petri dishes, to prevent evaporation. The results obtained 
are presented in Tables I, II. 

Results: The tables demonstrate no correlation between the age 
of the donor and the length of survival of the spermatozoa. There 
was marked individual variation in the duration of motility among 
different specimens, but the average time of survival at room 
temperature (9.4 hours) was considerably longer than at body 
temperature (3.5 hours). It can also be seen that the survival time 
of spermatozoa in various concentrations of sulfanilamide and sul- 


4 Beckcl, X. J., ami Ilori, C. G., Am. J. ilctl. Set., 1939, 108, 347. 

Leuuliti, C., ami Vaisman, A., Compt. rend. Soc. <ic bud., 193S, 1A8. 332. 

0 I’alazzoli, M., Nitti, F., Bonet, D., and Levinson, M., Compt. rend. Soc. do 
bud., 193S, 1118, 261. 


7 Baker, J. R., J. llyg., 1931, 31, 309. 
i Tlie composition of Baker ’s iluid 
30.9 g; XaUIl’O, . 12 ILO, 6.0 g; NaC’t, 


is as follows: water, 
2.0 g; KUd’O,, 0.1 g. 


1000 


ml ; 


glucose, 
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tested for sterility, and injected into a dog. When no reaction was 
observed in the animal, 40 cc of the same solution (4 g of protein) 
was injected intravenously into a patient. There was no apparent 
reaction. 

When serum was used in 500-700 cc portions, some difficulty' was 
encountered in the preparation of dried serum proteins due to de- 
uaturation of the proteins. The cause of the denaturation is prob- 
ably the difficulty of stirring the larger amount of precipitating 
fluid adequately, as well as difficulties in filtration. If filtration 
is not accomplished very rapidly, the alcohol in the precipitating 
fluid tends to become warm enough to denature the serum proteins. 
These difficulties have not yet been entirely overcome. 

Sitniwury. The method devised by Hartley for the preparation of 
dry and lipid-free immune sera has been adapted to the preparation 
of dried serum proteins in quantity. In spite of some technical 
difficulties, the scrum proteins prepared by this method have been 
injected into dogs and into a single human subject without serious 
reactions. 
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Resistance of Human Spermatozoa in vitro to Sulfanilamide 
and Sulfapyridine. 

Landrum B. Siiettles* (Introduced by N. J. Eastman) 

Prom the Department of Obstetrics, The .Johns Hopkins Univcrsiti/ anil Hospital. 


Jaubert and Motz 1 studied the effect of sulfanilamide on sperma- 
togenesis in 23 men suffering from gonorrhea. They noted a re- 
duction in botli the number and vitality of the spermatozoa, with 
their complete immobilization in some instances. Marion, Barbel- 
lion, and Torres," observed that small oral doses of sulfanilamide 
caused a decrease in the number and motility, and an increase in 
the abnormal forms, in the spermatozoa of 69% of their patients. 
VHoni 3 found the same changes in men treated by urethral irriga- 
tion with sulfanilamide, 2 of his patients actually developing azoo- 
spermia. __ _____ 

* fellow, National Committee on Maternal Health, 
t Jaubert, A., and Motz, C., Prcsse mid., 1938, 46, 237. 

Marion, Barbellion and Torres, Bull. Soc. /ran. d’urol.. May 1«, 1938. 
a Vigour, M., J* Beige d’urol., 1938, 11, 37o. 
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fapyridine at both room and body temperatures was essentially the 
same as that of the respective controls Neither the age of the speci- 
men nor donor altered either susceptibility or resistance to these 
drugs The results were equally negative if the sulfanilamide and 
sulfapyridine were added to Baker’s solution plus semen or to un- 
diluted semen. 

Since an in vitro concentration of as much as 160 mg % was 
used, these results gain added significance when it is recalled that 
the maximum tissue fluid concentration of sulfanilamide achieved 
clinically is about 15 mg % and that of sulfapyridine about 
10 mg %. 

Summary: In vitro concentrations of sulfanilamide and sulfa- 
pyridine well above the tissue concentration achieved by therapeutic 
doses, do not affect the survival or activity of human spermatozoa. 


11466 

A New Salmonella Type Isolated from Apparently Normal 

Hogs.* 

P. R. Edwards, D. W. Bruner and H. L. Rubin 

From the Department of Animal Pathology, Kentuehy Agricultural Experiment 
Station, and Department of Eactertology, Dnnersity of Kentucky, Lexington, Ky. 

In a study of the mesenteric lymph glands of apparently normal 
hogs in Uruguay, Hormaeche and Salsamendi 1 isolated numerous 
Salmonella, types In a repetition of this work Rubin 2 found that 
Salmonella strains could be isolated frequently from the mesenteric 
lymph glands of apparently normal hogs slaughtered at an abattoir 
in Kentucky The purpose of the present paper is to describe a 
hitherto unrecognized Salmonella type encountered in these hogs. 
The organism is designated as Salmonella lexington. 

Methods — Two mesenteric lymph glands were removed from each 
hog after the internal organs had been inspected. Lymph glands 
from 25 hogs were placed in a sterile container, taken to the labora- 

* The imestig.ation reported an tins paper is in connection with a project of the 
Kentucky Agricultural Experiment Station and is published bj permission of the 
Director. 

t Hormaeche, E , and Salsamendi, K., Arch Drug. Mai , Cir. y Esprc . 1939, 14, 
370. 

- Rubin, If. L , unpublished data. 
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fapyridine at both room and body temperatures was essentially the 
same as that of the respective controls. Neither the age of the speci- 
men nor donor altered either susceptibility or resistance to these 
drugs. The results were equally negative if the sulfanilamide and 
sulfapyridine were added to Baker’s solution plus semen or to un- 
diluted semen. 

Since an in vitro concentration of as much as 160 mg % was 
used, these results gain added significance when it is recalled that 
the maximum tissue fluid concentration of sulfanilamide achieved 
clinically is about 15 mg % and that of sulfapyridine about 
10 mg %. 

Summary: In -intro concentrations of sulfanilamide and sulfa- 
pyridine well above the tissue concentration achieved by therapeutic 
doses, do not affect the survival or activity' of human spermatozoa. 
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A New Salmonella Type Isolated from Apparently Normal 

Hogs* 

P. R. Edwards, D. W. Bruner and H. L. Rubin 

From, the Department of Animal Pathology, Kentucky Agricultural Experiment 
Station, and Department of Bacteriology, University of Kentucky, Lexington, Ky. 


In a study of the mesenteric lymph glands of apparently normal 
hogs in Uruguay, Hormaeche and Salsamendi 1 isolated numerous 
Salmonella types. In a repetition of this work Rubin 2 found that 
Salmonella strains could be isolated frequently from the mesenteric 
lymph glands of apparently normal hogs slaughtered at an abattoir 
in Kentucky. The purpose of the present paper is to describe a 
hitherto unrecognized Salmonella type encountered in these hogs. 
The organism is designated as Salmonella lexington. 

Methods — Two mesenteric lymph glands were removed from each 
hog after the internal organs had been inspected. Lymph glands 
from 25 hogs were placed in a sterile container, taken to the labora- 

* The investigation reported in this paper is in connection with a project of the 
Kentucky Agricultural Experiment Station and is published by permission of the 
Director. 

l Hormaeche, E., and Salsamendi, R., Arch. Vrug. Mfd., Cir. y Esprc.. 1939, 14, 
37J. 

* Eubxn, H. L., unpublished data. 
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tory ami thoroughly ground with sand in a sterile mortar. To the 
ground mass was added 30 cc of sterile saline and 1 cc of the mix- 
ture was placed in each of 3 tubes of the tetrathionate enrichment 
medium of Kauffmann.' 1 After overnight incubation the enrich- 
ment medium was plated on brilliant green agar. Sahnonclla-likt 
colonies which developed on the plates were examined serologically 
and their position in the Kauffmann-White classification determined. 
I he methods used in the serological tests were those employed bv 
Edwards. 1 

Results — In the particular lot of glands from which the new 
type was isolated 3 Salmonella species were found. In addition to 
S. lexuujton, S. derby and .S'. bareilly were also present. 

The microorganism was a motile rod which possessed the usual 
biochemical and tinctoral properties attributed to the genus Salmon- 
ella. It produced acid and gas from arabinose, dulcitol, glucose, 
inositol, mannitol, rbamnose, sorbitol, trehalose and xylose. Adoni- 
tol, lactose, salicin and sucrose were not attacked. Hydrogen sulfide 
was produced from 2% peptone water. 

Examination of the somatic antigens of S. lexuujton revealed that 
it belonged to group E of the Kauffmann-White classification. 
Alcoholized suspensions were agglutinated to the titre of S. nyborg 
antiserum and absorption of the serum with S. lexington removed 
all somatic agglutinins for the homologous strain. The somatic 
antigens of S. lexington are III X XXVI 

When the flagellar antigens of S. lexington were examined it 
was found that the organism was diphasic and displayed specific- 
non-specific phase variation. The specific phase was flocculated to 
the titre of serum derived from the alpha phase of S. glostnip, but 
was not affected by serums derived from the other antigens repre- 
sented in the Kauffmann-White classification. Absorption of S. 
glostnip alpha serum with the specific phase of S. lexington removed 
all flocculating agglutinins for the homologous strain. The antigen 
of the specific phase of the organism is z lu . 

The nonspecific phase of X. lexington was agglutinated by serums 
derived from all the nonspecific phases of the Kauffmann-White 
schema. It was then tested with absorbed serums containing the fac- 
tors 2, 3, 5, 6 and 7. respectively. Agglutination occurred only in the 
presence of factors 3 and 5. When antiserum derived from the non- 
specific phase of S. choleraesuis was absorbed with the nonspecific 
phase of X. lexington residual agglutinins amounting to less than 

3 Kauffmann, F., Z. f. Mug., 1935, 11*, 26. 

4 Edwards, P. R., J . Bad., 1936, 32, 259. 
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2fo of the original titre were left for the homologous strain. The 
nonspecific antigens of S. Icxington are 1,5... 

Summary : A new Salmonella type, Salmonella lexington, is de- 
scribed. It was isolated from the mesenteric lymph glands of 
apparently normal hogs. The organism Is represented by the anti- 
genic formula III X XX\T:z,„:l,5... 
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Mineral Distribution in Some Nerve Cells and Fibers.* 


Gordon H. Scott 

From the Department of Anatomy , TT<ls7i in < 7 f on University School of Medicine , 

St. Louis. 


It is known from examination of many types of tissue that Mg 
and Ca, as revealed by the electron microscope, is located in areas 
which show white ash following microincineration. In nerve tissue 
certain difficulties have hampered a direct study of Ca and Mg by 
means of the electron microscope. Some of the findings in in- 
cinerated sections of frog sciatic and sympathetic ganglia are be- 
lieved to be of significance although we have not been able to identify 
the salts as clearly as is desirable. 

When sections of frozen and dehydrated (Scott and Packer 1 ) 
frog sciatic are carefully incinerated and examined by dark field 
(Scotr) the large myelinated fibers at the periphery of the nerve 
leave residues of white ash probably consisting largely of Ca and 
Mg. The ash is clearly the remains of the myelin sheath as it 
corresponds almost exactly with stained preparations of the same 
nerve taken a few levels either above or below. The point to empha- 
size, however, is that there is no visible residue of any sort in the 
tissue spaces surrounding the nerve fibers. 

In sharp contrast to plentiful mineral in the nerve fibers and 
little if any in the tissue space is the picture obtained when sym- 
pathetic ganglia are incinerated following the same treatment. The 
sympathetic ganglion cells are recognizable by their residue. Nuclear, 
nucleolar and Nissl substance ash is dense and of the variety asso- 
ciated with the presence of Ca and Mg. There is as a general rule 

* Aided by a grant from the Rockefeller Foundation. 

'Scott and Packer, Anat. Etc., 1939, 74, 17, 31. 

- Scott, G. II., Jm. J. Amit., 1933, 53, 243. 
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a wide band, varying from an eighth to a sixth of the cell diameter, 
of dense white ash concentrated at the periphery of the cell. The 
tissue spaces immediately about the ganglion cells are filled with 
mineral residue not unlike, in quality and quantity, that seen in the 
neurones. 

It seems evident from these observations that like conditions of 
surrounding medium do not obtain in nerve fibers of the frog 
sciatic and in the cells of the sympathetic ganglia of the same animal. 
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Direct Action of Estrone on the Mammary Gland. 
Wm. R. Lyons and Y. Sako 

From the Division of Anatomy, University of California Medical School. 


Within the past decade, the hormonal control of mammary growth 
has been greatly clarified due to the availability of: (1) pure estro- 
genic compounds which by themselves cause growth of the nipple 
and ducts as well as a slight degree of alveolar development, (2) 
progesterone which in proper combination with estrone (or other 
estrins) causes complete lobular development such as occurs in 
pregnancy, and (3) mammotropin, the pituitary lactogenic hormone 
which causes functional growth and lactation in the alveoli or milk- 
secreting units in glands developed by estrin or estrin-progestin. 

According to some investigators, the mammary glands of hypo- 
physectomized animals do not respond as well (or at all) to estrin, 
and for this reason, Turner and co-workers 1 ’ 2 have proposed that 
the sex hormones merely stimulate the pituitary which in turn 
secretes 2 mammary-stimulating substances, mammogen I which 
induces duct development and mammogen II causing lobule-alveolar 
growth. These investigators have extracted a fat-soluble substance 
from the pituitary, which they identify with mammogen I because 
it causes mammary duct development in male and female mice. They 3 
also obtained lobule-alveolar growth in castrated female mice by 
injecting fresh pituitaries from pregnant cattle. Because this ma- 
terial caused alveolar proliferation over and above the duct develop- 
ment induced by their extracts these investigators have postulated a 
second mammogen. 

- I Lewis ‘V A., Turner, C. W., and Gomez, E. T., Endocrinol., 1939, 34, 157. 

*> Lewis’ A. A., and Turner, C. W., Mo. Ayr. Exp. Sta. Sul. 182, 1939. 

3 Mixner, J. P., Lewis, A. A., and Turner, C. W., Anal. Rec.. 1940, Suppl., 7G, 43. 
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The findings of the Turner laboratory might be interpreted on 
the basis of earlier investigations^- 5 showing that estrin and pro- 
gestin could be extracted from the pituitary, but it has been claimed 
that mammogen I, although weakly estrogenic, has mammary- 
stimulating potency greater than the purified estrins now available. 2 
While these findings are in themselves interesting and significant, 
the\- in no way support the contention of the Missouri group that 
the ovarian hormones act only indirectly upon the mammary gland. 
In fact, suggestive evidence to the contrary has been at hand for 
some time now. 6 In each of 3 women, MacBryde obtained good de- 
velopment in the breast rubbed with estradiol in ointment (25,000 
I.U., daily for 2 weeks) while the contra-lateral breast rubbed only 
with the ointment base showed much less growth. We have carried 
out in male rabbits a similar experiment designed to sustain the 
theory of the direct action of estrin, with the advantage over the 
human work reported, of being able to know more precisely the 
histologic nature of the growth response. 

Experimental. Preliminary experiments were carried out in which 
the approximate amount of estrin was determined that could be 
expected to act only on the gland locally treated, and also the amounts 
of hormone that would be sufficient to allow for some absorption and 
therefore remote action on the glands not treated directly. And 
then. 2 groups of three, 2-month-old male rabbits, weighing approxi- 
mately 2 kg were treated with 2 distinct levels representing thres- 
hold and sub-threshold doses of estrone. 

The estrone* in sesame oil was rubbed into the skin immediately 
around the nipples on the left side, while sesame oil alone was ad- 
ministered in like manner to the nipple regions on the right side. 
Three of the rabbits had an accessory or ninth nipple and this was 
left untouched, thus serving as a further control. A single drop of 
oil (approximately 0.03 cc) was applied with a medicine dropper 
directly to the nipple. The oil usually spread out over a skin area 
not greater than 3.0 cm and this was rubbed with the end of the 
finger and gently massaged between the thumb and forefinger. The 
3 rabbits in Group 1 were treated with an estrone preparation con- 
taining 100 I. U. per cc or 3 I.U. per drop, while the preparation 
used in Group 2 contained 10 I.U. per cc or 0.3 I.U. per drop. In 
all 25 drops were administered to each gland (Monday through 

i Brouha, L., and Simmonet, H., C. E. Soc. de Biol., 1927, OG, 1273. 

3 Callow, R. K., and Parkea, A. S., J. Physiol., 193G, 87, 2S P. 

c MacBryde, C. M., J. .1. M. J., 1937, 112, 1043 (has earlier references). 

* Kindly supplied by Dr. Oliver Kamni of Parke, Uavis and Company. 
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Flo. 1. Typical left mammary spread from male rabbit 1 of gioup 2. A drop 

of besamo oil containing approximately 3 I.U. of estrone was rubbed into tbe skin 

overlying this gland daily for 2.3 days. X o t e evidence of extensive duet growth. 
All figures X 1.5. 

Fto. 2. Typical right mammary spread from male rabbit of group 2. Sesame 
oil only was rubbed into skin. Gland is rudimentary and resembles that of un- 
treated, normal male rabbits. 

Fig. 3. Typical left mammary spread from male rabbit 2 of group 2. A drop 

of bcsame oil containing approximately 3 I.U. of estrone was rubbed into the skin 

overlying this gland daily for 25 days. Note evidence of extensive duct growth. 

Fto. 1. Typical right mammary spread from male rabbit 2 of gioup 2. Sesame 
oil only was rubbed into skin. Gland is rudimentary and resembles that of un- 
treated, normal male rabbits. 

Fto. 5. Typical left mammary spread from male rabbit 3 of gioup 2. A drop 
of sesame oil containing approximately 3 I.U. of estrone was rubbed into the skin 
overlying this gland daily for 25 days. This gland shows more extensive duct 
growth as well as some alveolar development. 

Flo. 0. Typical right mammary spread from rabbit 3 of group 2. Although 
only sesame oil was rubbed into skin overlying this gland, enough estrone was 
absorbed on the left side to circulate and cause the duct growth shown heie. 
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Friday for 5 weeks), making a total of approximately 75 I.U. per 
gland or 300 I.U. per animal (4 glands) in the first group, and 7.5 
I.U. per gland or 30 I.U. per rabbit in the second group. 

Results. It became apparent after 2 to 3 weeks of treatment that 
the nipples receiving the 3 I.U. estrone per dose were growing at a 
faster rate than the controls as well as those receiving the 0.3 I.U. 
estrone. At the end of the fifth week, the estrone-treated nipples of 
both groups were all considerably larger than their contra-lateral 
controls, but the control nipples of Group 1 were larger than the 
control nipples of Group 2 indicating that some of the estrone was 
being absorbed and probably circulated to the contra-lateral glands. 
At necropsy spreads were made of 53 mammary glands. These were 
stained in toto with alum carmine and cleared in methyl salicylate. 
None of the glands taken from the animals in Group 1 showed de- 
velopment greater than that seen in normal males of the New Zea- 
land White strain used. Two of the 3 rabbits treated with higher 
doses of estrone showed duct growth onlv in the glands rubbed with 
the hormone, Figs. 1 and 3, the sesame control and untreated glands 
all being within the normal limits (Fig. 2 and 4). The third animal 
of this group was more responsive to estrone for not only did its 
estrone-treated glands (Fig. 5) show better development than the 
estrone-treated glands of the other rabbits, but its control glands 
(Fig. 6) also showed considerable development. As in the case of 
the nipples in both groups, this indicated that some estrone was being 
absorbed and circulated. However, the striking difference between 
the hormone-treated and control glands provides just as good proof 
of the direct action of estrone as the all-or-none effect observed in 
the other animals. 

Ruinen' had attempted this same experiment in 1932, but used 
a much larger dose of hormone (100 units daily of menformon). 
With such an excess, he obtained equal development in the mammary 
glands of both sides. As the author admits, his findings still did not 
preclude the possibility- of a direct action of estrin on the mammary 
gland. 

Summary. The proper dose of estrone in oil rubbed into the skin 
over the rudimentary mammary glands of young male rabbits caused 
growth only of those glands, and not of the control glands treated 
with oil. Such evidence supports the view that estrogenic substances 
are directly mammary-stimulating. 

7 Ruinen, F. H., .lcta Brcv . Xccrt ., 1932, 2, 161. 
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Maintenance of Pregnancy in Castrate Rats by Means of 
Progesterone.* 

Irving RornciiiLD and Roland K. Meyer 

From the Department of Zoology, Uiuicrstty of Jl'i sconsin, Madison 

Corner and Allen’s 1 early successful attempts to maintain preg- 
nancy in rabbits castrated shortly after mating could not be dupli- 
cated by Allen and Heckel' using crystalline progesterone, unless 
the castration occurred after implantation. 3 Pincus and Werthessen,* 
however, maintained gestation in one out of three rabbits when 
sufficient crystalline progesterone was used, while in short time 
experiments Courrier and Kehl 3 maintained pregnancy in rabbits 
with progesterone, but in only one rabbit was castration done before 
implantation. Courrier and Jost° using large amounts of pr eg- 
ncninolone caused rabbits to implant normally. Maintenance of 
pregnancy has been successfully accomplished in other animals 
(rats, 7 ’ 3 ground squirrels, 3 mice 0 and hamsters 10 ) using proges- 
tin, 3 progesterone 0 ’ 10 or androgens, 7 when castration was done after 
implantation. 

Previously 11 it was shown that placentomata indistinguishable 
from those formed in normal pseudopregnant rats could be pro- 
duced in the castrate rat by means of progesterone alone. In the 
present study it will be shown that normal implantation as well as 
continued gestation will occur in the castrate rat when sufficient pro- 
gesterone is administered. 

A total of 26 pregnant rats were used, 22 of which were castrated 
on the 4th, and 4 on the 10th day of pregnancy. All rats, except 

* This work was supported bj tlie Wisconsin Alumni Research Foundation. 
Assistance was also furnished bj the peisonnel of the WPA Official Pioject No 
(13 1 33-2349. 

l Corner and Allen, Pnoc. Soc. E\P Biol, and MfD, 1930, 27, 403 

’-’ Allen and Heckel, Science, 1937, 80, 109. 

i Allen and Heckel, A in. J. Physiol , 1939, 125, 31. 

I Pincus and Werthessen, A m. J. Physiol , 193S, 124, 484. 

i Courrier and Kehl, Comptes renilut Soc. lie liiol , 1938, 128, 1S8. 

<> Courrier and Jost, ibid , 1939, 100, 1102. 

7 Greeno and Burrill, Pitoc. Soc E.\r. Biol, and JIed, 1939, 42, 585. 

8 Johnson and Chullans, Endocrinol, 1932, 10, 278. 

o Robson, J. Physiol , 1938, 1)2, 371. 

10 Klein, Proe. Roy. Soc , B, 1938, 125, 348. 

JlRothchild, 3Iej er and Spielnian, Am. J. Physiol, 1940, 128, 213 
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those in the first 2 experiments, were sterilized by ovario-salping- 
ectomy of one horn of the uterus on the day after coitus, and the 
sterile horn traumatized by needle punctures through the anti- 
mesometrial wall on the 4th day of pregnancy. This permitted a 
concomitant study of the effect of the hormone treatment on the 
formation of placentomata. Hormone treatment was started on 
the day of complete castration, and continued daily up to and in- 
cluding the 20th day of pregnancy. All rats were autopsied on the 
21st day, except in those cases where, by means of laparotomies 
performed between the 9th and 17th day, it was seen that preg- 
nancy had terminated. Hormone treatment consisted of proges- 
terone* alone, or in combination with estradiol,* with corn oil as 
the solvent. 

From Table 1 it can be seen that negative results were obtained 
with amounts of progesterone of less than 1 Rb.U. per day. The 
smaller doses of progesterone, however, permitted the formation of 
implantation sites, which in the rats of Exp. I did not persist beyond 
the 13th day, but in 2 of the 4 rats of Exp. II persisted normally to 


TABLE I. 


Exp. No. 

Daily 

hormone treatment 

Rats 

treated 

Rats maint. in pregn. 
to 21st day 

No. 

Implant. 

Sites 

Term 

Fetuses 

f 1 

Progest.* Estradiol, •; 

I 

.3 .03 

4 

0 

— 

— 

II 

.6 .03 

4 

0 

— 

— 

in 

1.0 - 

5 

2 

5 

1 





5 

1 

rv 

1.0 .15 

3 

1 

o 

1 

vt 

2.0 — 

4 

3 

4 

3 





3 

O 





4 

4 

VI 

2.0 

5 

4 

O 

1 





i 

2 





4 

3 





4 

1 

* Rabbit units of progesterone. 





t These rats were castrated on the 10th day of 

pregnancy. 



t The source of progesterone was a non-crystalline preparation containing 
of progesterone (Corner- Allen Rabbit Units) and was made from 
cholesterol by the Spielman process. (Spielman and Mever, J. A. C. S., 1939, 
01, S93.) 

* The estradiol was supplied through the courtesy of the Sobering Corpora- 
tion, Bloomfield, N. J. 
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Maintenance of Pregnancy in Castrate Rats by Means of 
Progesterone.* 

Irving Rotiiciiild and Roland K Meyer 

From the Department of Zoology, University of Wisconsin, Madison. 

Corner and Allen’s 1 earl)’ successful attempts to maintain preg- 
nancy in rabbits castrated shortly after mating could not be dupli- 
cated by Allen and Heckel 3 using crystalline progesterone, unless 
the castration occurred after implantation. 3 Pincus and Werthessen, 4 
however, maintained gestation in one out of three rabbits when 
sufficient crystalline progesterone was used, while in short time 
experiments Courrier and Kehl 5 maintained pregnancy in rabbits 
with progesterone, but in only one rabbit was castration done before 
implantation. Courrier and Jost° using large amounts of preg- 
neninolone caused rabbits to implant normally. Maintenance of 
pregnancy has been successfully accomplished in other animals 
(rats, 7, 3 ground squirrels, 8 mice 0 and hamsters 10 ) using proges- 
tin, 8 progesterone 0 ’ 10 or androgens, 7 when castration was done after 
implantation. 

Previously 11 it was shown that placentomata indistinguishable 
from those formed in normal pseudopregnant rats could be pro- 
duced in the castrate rat by means of progesterone alone. In the 
present study it will be shown that normal implantation as well as 
continued gestation will occur in the castrate rat when sufficient pro- 
gesterone is administered. 

A total of 26 pregnant rats were used, 22 of which were castrated 
on the 4th, and 4 on the 10th day of pregnancy. All rats, except 

* Tills work was supported by the Wisconsin Alumni Research Foundation. 
Assistance was also furnished by the personnel of the WPA Official Project No. 
65-1-53-2349. 

1 Corner and Allen, Pnoc. Soc. Exp. Biol, and Med., 1930, 27, 403. 

Allen and Heckel, Science, 1937, 86, 409. 

3 Allen and Heckel, Am. J. Physiol., 1939, 125, 31. 

4 Pincus and Werthessen, Am. J. Physiol., 1938, 124, 484. 

5 Courrier and Kehl, Comptes rendu* Soc. de Biol., 1938, 128, 1S8. 

0 Courrier and Jost, ibid., 1939, 130, 1162. 

7 Greene and Burrill, Proc. Sop. Exp. Biol, and Med., 1939, 42, 5S5. 

8 Johnson and Challans, Endocrinol., 1932, 16, 278. 

9 Robson, J. Physiol., 1938, 02, 371. 

10 Klein, Proc. Roy. Soc., B, 1938, 125, 348. 

11 Rothchild, Meyer and Spielman, Am. J. Physiol., 1940, 128, 213 
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abnormalities in the state of the serum proteins might occur in this 
disease. Perlzweig, Kondritzer and Bruch 3 found that in pathological 
conditions fractional precipitation of the serum proteins with grad- 
ually increasing quantities of potassium phosphate at pH 6. 5-6.8, 
according to Butler and Montgomery, 4 frequently' reveals significant 
changes which are not brought out by the conventional methods for 
the determination of albumins and globulins by precipitation with 
an arbitrarily' fixed concentration of a neutral salt. 

In the present investigation the fractional precipitation procedure 
was applied to the serum proteins of 8 physically healthy patients in 
whom a diagnosis of phenylpyruvic oligophrenia had been made, and 
8 healthy persons as controls. Nineteen portions of each sample of 
serum were precipitated with an equimolar KH 2 P0 4 -K 2 HP0 4 buffer 
which ranged in molality from 1.2 to 3.0 mols in 0.1 mol increments. 
In 5 of the patients and 2 of the normal subjects 0.5 cc portions of 
freshly centrifuged serum were added to 15 cc portions of buffer 
(serum dilution 1 :31). In the remaining experiments in which less 
serum was available the serum was diluted with an equal volume of 
physiological saline; then 0.5 cc portions were added to 10 cc por- 
tions of the buffer solutions (serum dilution 1 :42). After standing 
overnight at room temperature the precipitate was filtered off and 
the total nitrogen in solution was determined (microkjeldahl) on a 
suitable aliquot. The value was corrected for the N.P.X., deter- 
mined on a trichloracetic acid filtrate of the original serum, and the 
percentage of the total protein remaining in solution at each molality 
of phosphate was calculated. The data obtained in experiments in 
which the dilution of the serum was 1 :42 were calculated to a dilu- 
tion of 1 :31 and combined with the data at the latter dilution. The 
average values obtained in the 8 normal and the 8 phenylpyruvic 
sera were plotted against the concentrations of the phosphate solu- 
tions (Fig. 1). 

A small but consistent difference between the two solubility-pre- 
cipitation curves in the middle range of phosphate concentration is 
apparent; more protein appears to have been precipitated from the 
sera of the phenylpyruvics than from those of the healthy controls. 
As the differences were small the data were subjected to rigorous 
statistical analysis with the hind assistance of Dr. Toseph Zubin. 
The methods which Fisher'' developed for analyzing small series of 

■I Perlzweig, W. A., Kondritzer, A. A., and Brueli, E., Pror. Jut. Soc. Biol. Client., 
193S, 32, xeii. 

4 Butler, A. M., and Montgomery, H., J. Biol. Chrm., 1939, t>9, 173. 

’’ i' i-titer, It. A., Statistical Methods (or Research IVorlscr.i, 1934. Edinburgh ami 
London. 
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the 1 7 th day. Implantation proceeded normally, as far as could be 
determined macroscopically, in all the remaining’ experiments, and 
at least some of the rats in each experiment carried living young to 
the 21st day. The percentage of completely maintained rats, as 
well as the ratio of living young to total number of implantations, 
increased with increase in the amount of progesterone administered. 

The placentomata which formed in the sterile horn of the uteri 
of all the rats of Exp. III-YI were larger in every case than the 
implantation sites in the pregnant horn. This would indicate diat 
the formation of decidual tissue in the rat is dependent, not only 
upon the size of the progesterone dose, 11 but possibly upon the 
strength of the traumatic stimulus as well, since it is most likely that 
the trauma of the uterine epithelium produced by the implanting egg 
is not of the same order of magnitude as that used in the artificial 
production of placentomata. 

The possibility that contaminants in the progesterone preparation 
might have influenced the results must be admitted, but we do not 
believe that they played an important part. In other experi- 
ments. 11 ’ using the same type of preparations, we found no quanti- 
tative or qualitative differences between the non-crystalline and 
crystalline progesterones. 

Summary. Rats castrated on the 4th day of pregnancy were 
maintained in pregnancy until the 21st day with daily doses of pro- 
gesterone of 1 or 2 Rb.U. 
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Precipitation Pattern of Serum Proteins in Phenylpyruvic 

Oligophrenia. 

Albert A. Koxdkitzek (Introduced by Warren M. Sperry) 

From the Xcuro-Psychiatric Institute of the Hartford lit' treat, Hartford, Conn., 
and the Department of Biochemistry, Xew York State Psychiatric Institute and 
Hospital, Xew York City. 

Jervis, et al., 1 have shown that the serum of phenylpyruvic oligo- 
phrenic individuals contains an abnormal amount of phenylalanine. 
In view of the recognized effects of small amounts of amino acids 
on the molecular dispersion of the proteins 2 it seemed possible that 

12 ItothcliiUl ami Meyer, Anat. Pec., 1939, 75, supl. 1, 71. 

1 Jervis, G. A., Block, B. J., Bolling, D., and Kanze, E., in press. 

2 Tiselius, A., Ann. Fev. Biocliem., 1939, 8, 155. 
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tion was calculated from three nitrogen estimations (protein and 
N.P.N. in the original serum, and the total nitrogen of the filtrate). 
The chances for a cumulative error are, therefore, rather high. How- 
ever, all determinations were carried out in the same apparatus under 
identical conditions, as nearly as they could be controlled, and hence 
the statistical treatment evaluated automatically the effect of errors 
arising in the analysis. Furthermore, errors in the determination 
of the protein and N.P.N. of the original serum would have a uni- 
form effect throughout for each sample of serum and could not 
account for significant deviations in a portion of the curve. 

It is concluded that there was a small but significant increase above 
normal in the globulin fraction of the serum proteins of the indi- 
viduals with phenylpyruvic oligophrenia studied in this investigation. 
It is possible that the increase may have resulted from factors other 
than the particular pathology involved in this diseased 
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Response of Various Breeds of Rabbits to Hamilton and Schwartz 
Test for Parathyroid Secretion. 

Emil J. Balwiann and David B. Sprixsox 

From the Laboratory Division, ilontefiore Hospital, Xeic Tori. 


In our earlier work 1 with the Hamilton and Schwartz" test for 
parathyroid hormone, we used 2 breeds of rabbits, raised by our- 
selves; a black and white Dutch strain and a gray Belgian strain, 
which included some albinos. All these rabbits gave a positive test 
when injected with 10 Hansen units of parathormone per kg. In 
a few instances injection with as little as 4 units per kg resulted in 
a positive reaction. Similar responses were given by hybrids of 
these 2 strains. (The H. and S. test depends upon the fact that 
successive feedings of CaCU result in smaller and smaller rises in 
serum Ca, so that after the 3rd or 4th administration of 100 mg of 
Ca as CaClj normal rabbits will show a rise of serum Ca of less than 
1.2 mg per 100 cc, whereas if more parathyroid hormone than that 
normally circulating is present, a greater rise of serum Ca results, 
roughly proportional to the quantity of hormone administered.) 

t The phenylpyruvic blood samples were obtained from inmates of Letchworth 
Village through the courtesy of Dr. Harry C. Storrs, Superintendent, 
i Baumann, E. J., and Sprinson, D. B,, Jm. J. Physiol, 1939, 125, 741. 

- Hamilton, B., and Schwartz, C., J. Pharm. aiul Exp. Thcrap., 1932, 40, 2 S3. 
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data were applied in the modification of Snedecor. 0 The F value 
obtained gives a measure of the probability that the difference 
between 2 means is significant. For averages obtained on 2 series 
of S determinations each the critical values of F those which could 
arise by chance not more than 1 to 5 times in 100, lie between 9.07 
and 4.67 respectively. It will be seen from the chart that F values 
in this range were obtained for 3 phosphate concentrations between 
2.0 and 2.3 mois per liter. * The chance that fortuitous differences 
of this degree of significance would occur at adjacent points is ex- 
ceedingly small. 

Each value for the percentage of the protein remaining in solu- 



G. W., Analysis of Variance, 1394, Collegiate Press, Iuc., Arnes, 

10 * Por this range of phosphate concentrations the effect of the difference in 
dilution (1:31 and 1:42) on the solubility of the serum proteins was shown during 
the statistical analysis to he of no significance. 
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tion was calculated from three nitrogen estimations (protein and 
N.P.N. in the original serum, and the total nitrogen of the filtrate). 
The chances for a cumulative error are, therefore, rather high. How- 
ever, all determinations were carried out in the same apparatus under 
identical conditions, as nearly as they could be controlled, and hence 
the statistical treatment evaluated automatically the effect of errors 
arising in the analysis. Furthermore, errors in the determination 
of the protein and N.P.N. of the original serum would have a uni- 
form effect throughout for each sample of serum and could not 
account for significant deviations in a portion of the curve. 

It is concluded that there was a small but significant increase above 
normal in the globulin fraction of the serum proteins of the indi- 
viduals with phenylpyruvic oligophrenia studied in this investigation. 
It is possible that the increase may have resulted from factors other 
than the particular pathology involved in this diseased 
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Test for Parathyroid Secretion. 

Emil J. Bauman x and David B. Sprixsox 

From the Laboratory Division, ilontefiore Hospital, Xeic York. 


In our earlier work 1 with the Hamilton and Schwartz 2 test for 
paradiyroid hormone, we used 2 breeds of rabbits, raised by our- 
selves; a black and white Dutch strain and a gray Belgian strain, 
which included some albinos. All these rabbits gave a positive test 
when injected with 10 Hansen units of parathormone per kg. In 
a few instances injection with as little as 4 units per kg resulted in 
a positive reaction. Similar responses were given by hybrids of 
these 2 strains. (The H and S. test depends upon the fact that 
successive feedings of CaCl = result in smaller and smaller rises in 
serum Ca, so that after the 3rd or 4th administration of 100 mg of 
Ca as CaCU normal rabbits will show a rise of serum Ca of less than 
1.2 mg per 100 cc. whereas if more parathyroid hormone than that 
normally circulating is present, a greater rise of serum Ca results, 
roughly proportional to the quantity of hormone administered. ) 

t The phenylpyruvic blood bumpier were obtained from inmates of Lctehworth 
^ illage through the courtesy of Dr. Harry C. Sturrs, Superintendent. 

1 Baumann, E. J., and Sprinson, D. B., Jm. J . Physiol., 1930, 123, 741. 

-Hamilton, B., and Schwartz, C. T J. Phnrm. ami Exp. Thcrap .. 1932, 40, 2S3. 
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When New Zealand white or chinchilla rabbits were used for 
this test, it was found they were less sensitive than the Dutch or 
Belgian breeds. They required an injection of 20 or 30 units of 
parathormone per kg to react positively. Six chinchillas and 4 New 
Zealand whites all gave negative reactions when injected with 10 
units per kg. With a dose of 20 units per kg of parathyroid extract 
only 3 of 5 chinchillas and 1 of 3 New Zealand white rabbits reacted 
positively, while 2 of each of these strains gave positive reactions 
only with a dose of 30 units per kg. 

It is advisable, therefore, to determine the sensitivity of rabbits 
to be used for the Hamilton and Schwartz test. The animals should 
be at least 5 months old and they should be kept on a diet whose 
Ca:P ratio is one or more for several days before use. 


11472 P 

Agent of Lymphogranuloma Venereum in the Lungs of Mice. 
Mounts F. Shaffer, Geoffrey Rake axd Clara M. McKee 

From the Squibb Institute [or Medical Research, Xcw JSritnswicl:, X. J. 


It has been shown 1 that the agent of lymphogranuloma venereum 
readily initiates a fatal infection when introduced into the yolk-sac 
of the developing chicken embryo, in contradistinction to the well 
known low-grade character of the infection which results when the 
virus is placed on the chorio-allantois. In the former site the minute 
“granulocorpuscles” 3 which are believed to represent elementary 
bodies of the agent are found in enormous numbers. With this 
source of abundant virus at hand the possibilities of intranasal infec- 
tion in mice were investigated, as has also been done recently by 
Sclmem 1 who employed virus propagated in the Ehrlich mouse 
sarcoma. 

Two strains* of the lymphogranuloma venereum agent were 

U?uke7G., McKee, C. M., ami Shatter, M. F„ PiiOC. Soo. Exp. Biol, and Med., 
1040, 43, 332. 

- Mivagawa, Y., Mitamuni, T., Yaoi, H., Isliii, X., Xakajim.i, H., Okanishi, J., 
Watanabe, S., and Sato, K., Ju/i. J. li-r/i. Med., 1935, 13, 733. 

3 Schoen, E., C. R. .lead. Sri., 1939, 20 8, 772. 

„ q 11c strain was obtained through the courtesy of Dr. Win. L. PlemiDg, the 
School of Hygiene and Public Health, Johns Hopkins University. The second was 
obtained through the courtesy of Dr. Marion Howard, Department of Medicine, 
Yale University. 
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studied in Swiss mice weighing usually less than 10 g. Ground sus- 
pensions of yolk-sacs heavily infected with virus were diluted ten- 
fold with broth and centrifuged to throw down tissue fragments. 
0.03 to 0.05 ml of supernatant was inoculated intranasally under light 
ether anesthesia. The mice which within 48 to 72 hours were 
manifestly ill with signs of marked respiratory involvement, were 
sacrificed; some died during this period. The former at autopsy 
showed, in one or more lobes, areas of semi-translucent gray-red 
consolidation varying in extent; the dead mice showed hemorrhagic 
consolidation of nearly all of the lung tissue. On microscopic exami- 
nation of smears made by streaking a fragment of consolidated 
lung on a slide, fixing the film in methyl alcohol and staining with 
Giemsa stain, numerous elementary bodies could be seen lying free 
or within monocytic cells. In histological sections the picture was 
one of pneumonia, varying in degree but often very intense. This 
was both interstitial, with an accumulation of fluid and cells in the 
walls of the alveoli, and lobular with filling of the alveoli with fluid, 
monocytes and neutrophils. In the cytoplasm of certain cells, appar- 
ently the lining cells of the alveoli, there could be seen in most lungs 
large vacuoles filled with elementary bodies or larger inclusions both 
of which stained purple with Giemsa. In addition, clumps of ele- 
mentary bodies were seen Lying free in the alveoli and bronchioles. 
The microscopic changes during the development of the lung lesions 
will be described in greater detail elsewhere. 

Serial intranasal passages in mice under light ether anesthesia were 
readily effected by sub-inoculation of broth suspension of affected 
lung tissue taken on the 2nd to 4th days after infection. With one 
strain 39 such lung-passages have been attained; with the other 
strain, 24 passages. Mice given intranasally 10~' dilution of grossly 
diseased lung tissue usually died within 5 days with almost total 
pneumonic consolidation. Fatal illness was less frequent in animals 
receiving 10~ 3 dilution; many' of these mice exhibited a transient 
malaise but eventually' recovered. If sacrificed between the 3rd and 
oth days, however, macroscopic lung lesions were found in most 
mice receiving lCh 3 dilution. Lesions were not found in mice re- 
ceiving 10" 4 and 10~ 3 dilutions. Nevertheless, at the end of 4 days’ 
infection virus was present in considerable amount in the lungs of 
mice receiving KL 4 dilution as could be demonstrated on serial intra- 
nasal passage, and it seems certain that multiplication had occurred. 

1 he possibility that the lesions obtained in the lungs were due to 
organisms of the pleuro-pneumonia group or to infection with the 
latent virus of mouse pneumonia 4 was excluded, in the first case by 
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When New Zealand white or chinchilla rabbits were used for 
this test, it was found they were less sensitive than the Dutch or 
Belgian breeds. They required an injection of 20 or 30 units of 
parathormone per kg to react positively. Six chinchillas and 4 New 
Zealand whites all gave negative reactions when injected with 10 
units per kg. With a dose of 20 units per kg of parathyroid extract 
only 3 of 5 chinchillas and 1 of 3 New Zealand white rabbits reacted 
positively, while 2 of each of these strains gave positive reactions 
only with a dose of 30 units per kg. 

It is advisable, therefore, to determine the sensitivity of rabbits 
to be used for the Hamilton and Schwartz test. The animals should 
be at least 5 months old and they should be kept on a diet whose 
Ca:P ratio is one or more for several days before use. 


11472 P 

Agent of Lymphogranuloma Venereum in the Lungs of Mice. 
Morris F. Siiaeeer. Geoffrey Rake and Clara M. McKee 

From the Sijitibb Institute for Medical lleaearch, Few Brunswick, X. J- 


It has been shown* that the agent of lymphogranuloma venereum 
readily initiates a fatal infection when introduced into the yolk-sac 
of the developing chicken embryo, in contradistinction to the well 
known low-grade character of the infection which results when the 
virus is placed on the chorio-allantois. In the former site the minute 
“granulocorpuscles’"-' which are believed to represent elementary 
bodies of the agent are found in enormous numbers. With this 
source of abundant virus at hand the possibilities of intranasal infec- 
tion in mice were investigated, as has also been done recently by 
Schoeiv* who employed virus propagated in the Ehrlich mouse 
sarcoma. 

Two strains* of the lymphogranuloma venereum agent were 

l Italic, G., McKee, C. M., and Shaffer, M. F., Pitoc. Soc. Exp. Biol, and Med., 
1910. 43, 332. 

- Miyagawa, Y., Mitamura, T., Yaoi, II., Ishii, N., Nakajima, H., Okanishi, J., 
Watanabe, S., and Sato, Iv., Jap. J. Fxp. Med., 193d, 13, /33. 

a Schocn, R., C. R. Acad. Sri., 1939, 208, 772. 

* One strain was obtained through the courtesy of Dr. Win. L. Fleming, the 
School of Hygiene and Public Health, Johns Hopkins University. The second was 
obtained through the courtesy of Dr. Marion Howard, Department of Medicine, 
Yale University. 
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studied in Swiss mice weighing usually less than 10 g. Ground sus- 
pensions of yolk-sacs heavily infected with virus were diluted ten- 
fold with broth and centrifuged to throw down tissue fragments. 
0.03 to 0.05 ml of supernatant was inoculated intranasally under light 
ether anesthesia. The mice which within 4S to 72 hours were 
manifestly ill with signs of marked respiratory involvement, were 
sacrificed; some died during this period. The former at autopsy 
showed, in one or more lobes, areas of semi-translucent gray-red 
consolidation varying in extent; the dead mice showed hemorrhagic 
consolidation of nearly all of the lung tissue. On microscopic exami- 
nation of smears made by streaking a fragment of consolidated 
lung on a slide, fixing the film in methyl alcohol and staining with 
Giemsa stain, numerous elementary bodies could be seen lying free 
or within monocytic cells. In histological sections the picture was 
one of pneumonia, varying in degree but often very intense. This 
was both interstitial, with an accumulation of fluid and cells in the 
walls of the alveoli, and lobular with filling of the alveoli with fluid, 
monocytes and neutrophils. In the cytoplasm of certain cells, appar- 
ently the lining cells of the alveoli, there could be seen in most lungs 
large vacuoles filled with elementary bodies or larger inclusions both 
of which stained purple with Giemsa. In addition, clumps of ele- 
mentary bodies were seen Lying free in the alveoli and bronchioles. 
The microscopic changes during the development of the lung lesions 
will be described in greater detail elsewhere. 

Serial intranasal passages in mice under light ether anesthesia were 
readily effected by sub-inoculation of broth suspension of affected 
lung tissue taken on the 2nd to 4th days after infection. With one 
strain 39 such lung-passages have been attained: with the other 
strain, 24 passages. Mice given intranasally 1(T' dilution of grossly 
diseased lung tissue usually died within 5 days with almost total 
pneumonic consolidation. Fatal illness was less frequent in animals 
receiving KM dilution; many of these mice exhibited a transient 
malaise but eventually recovered. If sacrificed between the 3rd and 
oth days, however, macroscopic lung lesions were found in most 
mice receiving 1CM dilution. Lesions were not found in mice re- 
ceiving KM and 1CM dilutions. Nevertheless, at the end of 4 days’ 
infection virus was present in considerable amount in the lungs of 
mice receiving KM dilution as could be demonstrated on serial intra- 
nasal passage, and it seems certain that multiplication had occurred. 

The possibility that the lesions obtained in the lungs were due to 
organisms of the pleuro-pneumonia group or to infection with the 
latent virus of mouse pneumonia* was excluded, in the first case by 
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When New Zealand white or chinchilla rabbits were used for 
this test, it was found they were less sensitive than the Dutch or 
Belgian breeds. They required an injection of 20 or 30 units of 
parathormone per kg to react positively. Six chinchillas and 4 New 
Zealand whites all gave negative reactions when injected with 10 
units per kg. With a dose of 20 units per kg of parathyroid extract 
only 3 of 5 chinchillas and 1 of 3 New Zealand white rabbits reacted 
positively, while 2 of each of these strains gave positive reactions 
only with a dose of 30 units per kg. 

It is advisable, therefore, to determine the sensitivity of rabbits 
to be used for the Hamilton and Schwartz test. The animals should 
be at least 5 months old and they should be kept on a diet whose 
Ca:P ratio is one or more for several days before use. 


11472 P 

Agent of Lymphogranuloma Venereum in the Lungs of Mice. 
Morris F. Siiafeer. Geoffrey Rake axd Clara M. McKee 

From the Squibb Institute for Medical Hcscarch, Xcw Brunswick, X. ./• 


It has been shown 1 that the agent of lymphogranuloma venereum 
readily initiates a fatal infection when introduced into the yolk-sac 
of the developing chicken embryo, in contradistinction to the well 
known low-grade character of the infection which results when the 
virus is placed on the chorio-allantois. In the former site the minute 
“grauulocorpuscles”' which are believed to represent elementary 
bodies of the agent are found in enormous numbers. With this 
source of abundant virus at hand the possibilities of intranasal infec- 
tion in mice were investigated, as has also been done recently by 
Schoeir 1 who employed virus propagated in the Ehrlich mouse 
sarcoma. 

Two strains* of the lymphogranuloma venereum agent were 

l Ralce, G., McKee, C. M., anil Shaffer, M. F., Pkoc. Soc. Exp. Biol, axd Med., 
1940, 43, 332. 

Mivaga iv.-i, Y., Mitannira. T., Yaoi, II., Ishii, X., Naka jima, H., Okanishi, J., 
Watanake, 8., and Sato, K., Jap. J. Kxp. Med., 1933, 13, 733. 

3 Schocn, It., C. It. Acad. Sci., 1939, 208, 772. 

* One strain was obtained through the courtesy of Dr. Win. L. Fleming, the 
School of Hygiene and Public Health, Johns Hopkins University. The second was 
obtained through the courtesy of Dr. Marion Howard, Department of Medicine, 
Yale University. 
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studied in Swiss mice weighing usually less than 10 g. Ground sus- 
pensions of yolk-sacs heavily infected with virus were diluted ten- 
fold with broth and centrifuged to throw down tissue fragments. 
0.03 to 0.05 ml of supernatant was inoculated intranasally under light 
ether anesthesia. The mice which within 4S to 72 hours were 
manifestly ill with signs of marked respiratory involvement, were 
sacrificed; some died during this period. The former at autopsy 
showed, in one or more lobes, areas of semi-translucent gray-red 
consolidation varying in extent ; the dead mice showed hemorrhagic 
consolidation of nearly all of the lung tissue. On microscopic exami- 
nation of smears made by streaking a fragment of consolidated 
lung on a slide, fixing the film in methyl alcohol and staining with 
Giemsa stain, numerous elementary bodies could be seen lying free 
or within monocytic cells. In histological sections the picture was 
one of pneumonia, varying in degree but often very intense. This 
was both interstitial, with an accumulation of fluid and cells in the 
walls of the alveoli, and lobular with filling of the alveoli with fluid, 
monocytes and neutrophils. In the cytoplasm of certain cells, appar- 
ently the lining cells of the alveoli, there could be seen in most lungs 
large vacuoles filled with elementary bodies or larger inclusions both 
of which stained purple with Giemsa. In addition, clumps of ele- 
mentary bodies were seen Lying free in the alveoli and bronchioles. 
The microscopic changes during the development of the lung lesions 
will be described in greater detail elsewhere. 

Serial intranasal passages in mice under light ether anesthesia were 
readily effected by sub-inoculation of broth suspension of affected 
lung tissue taken on the 2nd to 4th days after infection. With one 
strain 39 such lung-passages have been attained; with the other 
strain. 24 passages. Mice given intranasally 10~ 2 dilution of grossly 
diseased lung tissue usually died within 5 days with almost total 
pneumonic consolidation. Fatal illness was less frequent in animals 
receiving 10~ 3 dilution; many of these mice exhibited a transient 
malaise but eventually recovered. If sacrificed between the 3rd and 
5th days, however, macroscopic lung lesions were found in most 
mice receiving lCh 3 dilution. Lesions were not found in mice re- 
ceiving 10~* and lCh 5 dilutions. Nevertheless, at the end of 4 days’ 
infection virus was present in considerable amount in the lungs of 
mice receiving 10"* dilution as could be demonstrated on serial intra- 
nasal passage, and it seems certain that multiplication had occurred. 

The possibility that the lesions obtained in the lungs were due to 
organisms of the pleuro-pneumonia group or to infection with the 
latent virus of mouse pneumonia* was excluded, in the first case by 
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cultures on suitable media and in the second, by cross-neutralization 
tests with anti-sera supplied through the courtesy of Dr. F. L. 
Horsfall. 

In the case of both strains, inoculation of 1 ml of 10' r and occa- 
sionally 10" 3 dilution of consolidated lung tissue into the yolk-sacs 
of 5- or 6-day eggs incubated at 36° C sufficed to bring about death 
of the developing chicken embryos after several days’ infection. The 
yolk-sacs of these eggs examined immediately after death were 
bacteriological!}’ sterile but showed innumerable elementary bodies 
in Giemsa-stained smears. These findings not only confirm the 
microscopic observations as to the presence of large amounts of virus 
in the lungs of mice intranasally infected with lymphogranuloma 
venereum agent but also serve to reemphasize the delicacy of the 
yolk-sac technic as compared with all other methods at present avail- 
able for the detection of the virus. The obvious usefulness of the 
pulmonary infection* of mice in immunological experimentation on 
lymphogranuloma venereum is being further explored. 


11473 

Complement Fixation Test in Lymphogranuloma Venereum. 
Clara M. McKee, Geoffrey Rake and Morris F. Shaffer 

From t he Squibb Institute for Medical Research, Xcw Brunswick, X. J. 


Although it is generally acknowledged that the cutaneous test 
with the Frei antigen is of great value in establishing the diagnosis 
of infection with the etiological agent of lymphogranuloma ven- 
ereum, many workers have sought to devise other procedures which 
might be employed as corroborative evidence. The serological 
technic most widely explored in this connection has been complement 
fixation but, using a variety of antigens, most investigators have 
been unsuccessful in their attempts to demonstrate a specific reaction 
(for literature see 1 )- Nearly all the reports of positive findings are 
justly open to criticism on such grounds as inadequately detailed 
description of the method, lack of controls, or incomplete data on 
the results. 

■i Horsfall, F. L., and Halm, E. G., J. Exp. Med., 1940, 71, 391. 
t Workers should bear in mind the possible hazards involved in the use of the 
intranasal technic where high concentrations of virus are concerned. 

l Melczer, N., and Sipos, K., Arch. f. Dcrmat. u. Syph., 1937, 170, 170. 
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Since the quantitative relationships of the reagents are of para- 
mount importance in serological tests it seemed likely that many of 
the failures might be due to the use of antigens of insufficient potency 
and that it might be worthwhile to reinvestigate the potentialities of 
the complement fixation test in this disease, with preparations con- 
taining higher concentrations of antigen than had hitherto been avail- 
able. The following antigens have been employed: (a) the con- 
solidated lungs of several mice, infected intranasally 2 with the agent 
of lymphogranuloma venereum, were pooled and ground with Pyrex 
fragments plus broth to a 10% suspension. This was freed of gross 
particles by centrifugation at 2000 RPM. The supernatant, termed 
“Lygranum” (M.L.) antigen, was stored at -32°C until needed, 
when it was thawed and further diluted with 0.85% saline to a final 
lung concentration of 1:100 or 1 :1 50 for use in the test. Normal 
mouse lung suspension similarly prepared served as control, (b) Five- 
or 6-day eggs, inoculated via the yolk-sac 3 with lymphogranuloma 
venereum agent, were incubated at 36° C until the death of the 
chicken embryo. Immediately thereafter the bacteriologically sterile 
yolk-sacs, heavily infected with virus, were removed and ground 
with Pyrex fragments plus broth to 10% suspension. This was 
centrifuged 1 hour at 2000 RPM ; the supernatant was recentri- 
fuged in the cold for 2 hours at 12,000 RPM and the sediment ob- 
tained thereby was resuspended in saline to 10 times the volume of 
the original 10% yolk-sac suspension for use in the test. This was 
called "Lygranum’’ (Y.S. ) antigen. The resuspended sediment from 
normal yolk-sacs, treated in the same way, was used as control. 

The sera were inactivated at 56° C before use and dilutions were 
made in saline. The source of complement was pooled guinea-pig 
serum kept frozen at -32 3 C. Previous to each test the thawed 
complement was titrated and diluted in saline so that 2 hemolytic 
units were contained in 0.2 cc. In the test 0.2 cc of each reagent 
was added to the tubes in the following order : serum dilution, 
complement, and antigen. The well-shaken mixtures were placed 
for 1J4 hours at 37 3 C. Then to each tube was added 0.2 cc of 3% 
suspension of washed sheep cells sensitized with 2 minimal hemolytic 
doses of anti-sheep cell rabbit amboceptor. Readings for hemolysis 
were made after a further period of 30 minutes at 37° C. Controls 
for free complement and for anticomplementary action in each anti- 
gen and serum were always included. The titre of a given serum 

-Shaffer, M. 1'., Rake, G„ and McKee, C. M., Peoc. Pot. Exp. Biol, and Med.. 
1940. 44, 40S. 

3 Rake, G., McKee, C. M„ and Shaffer, M. F., Pitor. Soc. Exp. Biol, and Med., 
1940, 43, 339. 



410 Complement Fixation in Lympiioguanuloma Venereum 

cultures on suitable media and in the second, by cross-neutralization 
tests with anti-sera supplied through the courtesy of Dr. F. L. 
Horsfall. 

In the case of both strains, inoculation of 1 ml of 10~ T and occa- 
sionally 10' 3 dilution of consolidated lung tissue into the yolk-sacs 
of 5- or 6-day eggs incubated at 36 ° C sufficed to bring about death 
of the developing chicken embryos after several days’ infection. The 
yolk-sacs of these eggs examined immediately after death were 
bacterioiogically sterile but showed innumerable elementary bodies 
in Giemsa-stained smears. These findings not only confirm the 
microscopic observations as to the presence of large amounts of virus 
in the lungs of mice intranasaliy infected with lymphogranuloma 
venereum agent but also serve to reemphasize the delicacy of the 
yolk-sac technic as compared with all other methods at present avail- 
able for the detection of the virus. The obvious usefulness of the 
pulmonary infection* of mice in immunological experimentation on 
lymphogranuloma venereum is being further explored. 
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Complement Fixation Test in Lymphogranuloma Venereum. 

Clara M. McKee, Geoffrey Rake and Morris F. Shaffer 

I'rom the Squibb Institute for Medical Itescarcli, Xcw Brunswick. N. J. 

Although it is generally acknowledged that the cutaneous test 
with the Frei antigen is of great value in establishing the diagnosis 
of infection with the etiological agent of lymphogranuloma ven- 
ereum, many workers have sought to devise other procedures which 
might be employed as corroborative evidence. The serological 
technic most widely explored in this connection has been complement 
fixation but, using a variety of antigens, most investigators have 
been unsuccessful in their attempts to demonstrate a specific reaction 
(for literature see 1 ). Nearly all the reports of positive findings are 
justly open to criticism on such grounds as inadequately detailed 
description of the method, lack of controls, or incomplete data on 
the results. 

•I Horsfall, F. L., and Halm, R. G., J. Exp. Med., 1940, 71, 391. 

t Workers should bear in mind the possible hazards involved in the use of the 
intranasal technic where high concentrations of virus are concerned. 

l Mclczer, N-, and Sipes, K., Arch. f. Dcrmat. u. Syph., 1937, 170, 170. 
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Since the quantitative relationships of the reagents are of para- 
mount importance in serological tests it seemed likely that many of 
the failures might be due to the use of antigens of insufficient potency 
and that it might be worthwhile to reinvestigate the potentialities of 
the complement fixation test in this disease, with preparations con- 
taining higher concentrations of antigen than had hitherto been avail- 
able. The following antigens have been employed: (a) the con- 
solidated lungs of several mice, infected intranasally 2 with the agent 
of lymphogranuloma venereum, were pooled and ground with Pyrex 
fragments plus broth to a 10% suspension. This was freed of gross 
particles by centrifugation at 2000 RPM. The supernatant, termed 
“Lygranum” (M.L.) antigen, was stored at -32° C until needed, 
when it was thawed and further diluted with 0.85% saline to a final 
lung concentration of 1:100 or 1:150 for use in the test. Normal 
mouse lung suspension similarly prepared served as control, (b) Five- 
or 6-day eggs, inoculated via the yolk-sac 3 with lymphogranuloma 
venereum agent, were incubated at 36° C until the death of the 
chicken embryo. Immediately thereafter the bacteriologically sterile 
yolk-sacs, heavily infected with virus, were removed and ground 
with Pyrex fragments plus broth to 10% suspension. This was 
centrifuged 1 hour at 2000 RPM; the supernatant was recentri- 
fuged in the cold for 2 hours at 12,000 RPM and the sediment ob- 
tained thereby was resuspended in saline to 10 times the volume of 
the original 10% yolk-sac suspension for use in the test. This was 
called "Lygranum’' (Y.S. ) antigen. The resuspended sediment from 
normal yolk-sacs, treated in the same way, w r as used as control. 

The sera were inactivated at 56 : C before use and dilutions were 
made in saline. The source of complement was pooled guinea-pig 
serum kept frozen at -32 3 C. Previous to each test the thawed 
complement was titrated and diluted in saline so that 2 hemolytic 
units were contained in 0.2 cc. In the test 0.2 c c of each reagent 
was added to the tubes in the following order: serum dilution, 
complement, and antigen. The well-shaken mixtures were placed 
for 1 >4 hours at 37° C. Then to each tube was added 0.2 cc of 3% 
suspension of washed sheep cells sensitized with 2 minimal hemolytic 
doses of anti-sheep cell rabbit amboceptor. Readings for hemolysis 
were made after a further period of 30 minutes at 3 7 ' C. Controls 
for free complement and for anticomplementary action in each anti- 
gen and serum were always included. The titre of a given serum 

- Shatter, M- F., Rake, G., aiul McKee, C. M., Pboc. Poi . Exp. Biol, and Mr.D.. 
1940, 44, 40S. 

:l Rake, G., McKee, C. it., ami Staffer, M. F., Proc. Soc. Exp. Biol, and Med., 
1940, 4B, 332. 
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was taken as the liigliest dilution showing complete or nearly com- 
plete fixation with specific antigen and no fixation with the antigen 
control prepared from the corresponding normal tissues. The re- 
sults with “Lygranmn” ( Y.S.) ran entirely parallel to those obtained 
with “Lygranum” (M.L.), although under the conditions of concen- 
tration employed in these experiments, the former antigen seemed 
more active. On the other hand, non-specific fixation in low serum 
dilutions with the antigen control from normal tissue was less 
frequently encountered in the case of mouse-lung. In performing 
die test the lowest initial serum dilution was 1 :2 and since, in the 
system for fixation, this underwent a further threefold dilution, the 
lowest possible titre in these experiments was 1 :6. 

Using the method outlined, sera from 20 individuals with clinical 
nistory of lymphogranuloma venereum and positive reactions to Frei 
antigen were tested. Nineteen sera fixed complement specifically in 
the presence of “Lygranum’’ antigen, at titres ranging from 1 .*15 to 
1 :600. In one case the titer was only 1 :6, The possible correlation be- 
tween serum titre, degree of reactivity to standardized Frei antigen 
and the clinical status of lymphogranuloma infection in a group of 
cases is being investigated in collaboration with Dr. A. W. Grace of 
the New York Hospital, through whose courtesy most of the lympho- 
granuloma sera were obtained. As a control, sera taken from 22 
presumably normal individuals were tested; 20 failed to fix com- 
plement even in the lowest dilution (titre less than 1 :6). Positive 
reactions in this group were obtained only with serum from one 
laboratory worker who had been exposed to contact with the virus 
over the period of a year and with the serum of a female child resid- 
ing in an orphanage. 

As a further control, the test was carried out on a group of 29 
sera with strongly positive Wasserniann reaction obtained through 
the courtesy of Mr. J. V. Mulcahy of the State Dept, of Health, 
Trenton, N. J. and Dr. B. Webster of the New York Hospital. 
Sixteen of these sera gave specific fixation with “Lygranum'' anti- 
gens showing titres between 1:15 and 1:150. In view of the 
reports concerning positive reactions to the Frei antigen, elicited in 
prostitutes who were tested as a matter of routine although not suf- 
fering overtly from lymphogranuloma, as well as the positive fixa- 
tion by the serum of one worker in our laboratory and 55% of 
syphilitic sera which we have tested, the likelihood of undiagnosed 
or subclinical infection appears great and is being further investi- 
gated in collaboration with Dr. A. W. Grace. 

^ If the reaction is specific, as we believe, it will prove to be a most 



St. Louis Excephalitis Virus 


413 


useful method for the detection of lymphogranuloma venereum in- 
fection particularly in individuals who have not been tested with 
Frei antigen, as well as for immunological studies in infections of 
humans and animals with this etiological agent. 

Summary. In individuals with lymphogranuloma venereum, the 
serum has been found to fix complement regularly in the presence of 
antigens containing the virus in high concentration. Such fixation 
was observed only once with sera taken from supposedly uninfected 
individuals but was obtained frequently in syphilitic sera showing 
markedly positive Wassermann reactions. 
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Persistence of St. Louis Encephalitis Virus in the Brains 

of Chicks.* 

Harold E. Pearsox (Introduced by E. W. Schultz) 

From the Department of Bacteriology and Experimental Pathology, Stanford 

University, California. 


St. Louis encephalitis virus has been cultivated in vitro on minced 
chick embryonic tissue 1 as well as in the yolk' and on the chorio- 
allantoic membrane 1 ’ 3 ' 3 of chick embryos. On chorio-allantoic 
membranes, serial passage through 6S 3 and more than lOO 5 transfers 
has been possible. Brains of the corresponding embryos have been 
found to contain slightly more virus than the membranes, virus being 
also present in the livers and spleens. 3, 5 Virus has been demonstrated 
in the brains of chicks allowed to hatch 1 though only slight or no 
microscopic changes were demonstrable. 1, 3 It has been observed 
that embryos may survive until the time of hatching, 3 or die within 
a few days after inoculation. 1, 0 

Plarrison and Moore 1 have reported that young chicks (4 to 6 

* ''tillin' S supported by Mary Hooper Somers Fund for Filtrable Virus 
Research. 

l Harrison, R. W„ and Moore. E., Am. J. Path., 1937, 13, 301. 

* import, F„ Puor. Foe. Exp. Biol, and Med., 1939. 41, 4S3. 

3 Smith, M. G„ Puoc. Sor. Exp. Biol, and Med.. 1939, 40. 191. 

4 Smith, M. G., and Lennotte, E. II.. Puoc. Soe. Exr. Biol, and Med.. 1939, 
41,323, 

•’ Reliultz, E. W„ Williams. G. F., and Iletlierington, A.. Puoc. Soc. Exp. Biol. 
and Med., 193S, 38, 799. 

Schultz, E. W., ft al.. unpublished work. 
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was taken as the highest dilution showing complete or nearly com- 
plete fixation with specific antigen and no fixation with the antigen 
control prepared from the corresponding normal tissues. The re- 
sults with “Lygranum" (Y.S.) ran entirely parallel to those obtained 
with “Lygranum” (M.L.), although under the conditions of concen- 
tration employed in these experiments, the former antigen seemed 
more active. On the other hand, non-specific fixation in low serum 
dilutions with the antigen control from normal tissue was less 
frequently encountered in the case of mouse-lung. In performing 
the test the lowest initial serum dilution was 1 :2 and since, in the 
system for fixation, this underwent a further threefold dilution, the 
lowest possible titre in these experiments was 1 :6. 

Using the method outlined, sera front 20 individuals with clinical 
nistory of lymphogranuloma venereum and positive reactions to Frei 
antigen were tested. Nineteen sera fixed complement specifically in 
the presence of “Lygranum*’ antigen, at titres ranging from 1 :15 to 
I :600. In one case the titer was only 1 :6. The possible correlation be- 
tween serum titre, degree of reactivity to standardized Frei antigen 
and the clinical status of lymphogranuloma infection in a group of 
cases is being investigated in collaboration with Dr. A. W. Grace of 
the New York Hospital, through whose courtesy most of the lympho- 
granuloma sera were obtained. As a control, sera taken from 22 
presumably normal individuals were tested; 20 failed to fix com- 
plement even in the lowest dilution (titre less than 1 :6). Positive 
reactions in this group were obtained only with serum from one 
laboratory worker who had been exposed to contact with the virus 
over the period of a year and with the serum of a female child resid- 
ing in an orphanage. 

As a further control, the test was carried out on a group of 29 
sera with strongly positive Wassermann reaction obtained through 
the courtesy of Mr. J. V. Mulcahy of the State Dept, of Health, 
Trenton, N. J. and Dr. B. Webster of the New York Hospital. 
Sixteen of these sera gave specific fixation with “Lygranum" anti- 
gens showing titres between 1:15 and 1:150. In view of the 
reports concerning positive reactions to the Frei antigen, elicited in 
prostitutes who were tested as a matter of routine although not suf- 
fering overtly from lymphogranuloma, as well as the positive fixa- 
tion by the serum of one worker in our laboratory and 55 % of 
syphilitic sera which we have tested, the likelihood of undiagnosed 
or subclinical infection appears great and is being further investi- 
gated in collaboration with Dr. A. W. Grace. 

& If the reaction is specific, as we believe, it will prove to be a most 
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mouse brain passage virus. White leghorn, barred rock and Rhode 
Island red chicks were tested for susceptibility. The presence of 
virus in brains, livers or spleens of the chicks was determined by 
inoculating 3 mice each intracerebrally with 0.03 cc of a suspension 
(usually 10%) of material. Surviving test mice were observed 
for 21 days. All virus suspensions were also tested for bacterial 
sterility. 

Webster’s No. 3 strain of the virus was used. It regularly killed 
mice when inoculated intracerebrally in a dilution of 10'°. 

Of forty 2-day-old leghorn chicks which were inoculated sub- 
durally with 0.03 cc of a 10% suspension of mouse brain virus, none 
showed any sign of infection. The object of the investigation then 
was to determine whether or not the brains harbored active virus. 
The chicks were killed 2 at a time at intervals of several days over a 
period of 56 days. The brains of the 2 chicks were pooled, ground 
in a mortar and 3 mice were inoculated with each dilution. In some 
cases one brain only was ground, while the other was sectioned for 
microscopic examination. The results of the tests for virus are 
given in Table 1. 

Histological examination of the brains of 11 chicks, not tested for 
virus, but killed on the 2nd to 20th day after inoculation showed only 
slight, and inconstant changes, consisting at most of small, peri- 
vascular, mononuclear infiltrations. The livers, spleens, and kidneys 
of these animals in all cases appeared normal. No changes were 
observed in the brains and other tissues from chicks killed more than 
20 days after inoculation. 

Groups of 4 to 6 chicks, 2 days old, were then inoculated by various 
routes with 10% mouse brain virus. None of these showed any sign 
of infection. They were killed at intervals and the tissues pooled 
and tested for virus. No gross changes were noted in any of the 
tissues. Microscopic sections of brains were stained by Lentz A 
method, other tissues with hematoxylin and eosin. The observa- 
tions on this group are given in Table II. 

Ten leghorn chicks, 21 days old, were inoculated subdurally, each 
with 0.03 cc of 10% mouse brain virus. These showed no sign of 
infection over a period of one month. 

Serial passage of virus was tried (using leghorns for the first 
2 passages and barred rocks subsequently) in chicks 2 to 6 days old. 
Three chicks were inoculated subdurally each with 0.03 cc of 10% 
mouse brain virus. These were killed 3 to 4 days later. Their 
brains were ground together to make a 10% suspension and 0.03 cc 
were inoculated subdurally into each of 3 new chicks and intra- 
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clays old) were found somewhat susceptible. After inoculation 
with mouse brain virus, 3 out of 6 showed clinical (paralysis) or 
microscopic evidence of infection, or both, and virus was recovered 
from the brains of 3 out of 4 of the chicks tested for virus. 

The present report deals with the susceptibility of young- chicks to 
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mouse brain passage virus. White leghorn, barred rock and Rhode 
Island red chicks were tested for susceptibility. The presence of 
virus in brains, livers or spleens of the chicks was determined by 
inoculating 3 mice each intracerebrally with 0.03 cc of a suspension 
(usually 10%) of material. Surviving test mice were observed 
for 21 days. All virus suspensions were also tested for bacterial 
sterility. 

Webster's No. 3 strain of the virus was used. It regularly killed 
mice when inoculated intracerebrally in a dilution of 10"'. 

Of forty 2-day-old leghorn chicks which were inoculated sub- 
durally with 0.03 cc of a 10% suspension of mouse brain virus, none 
showed any sign of infection. The object of the investigation then 
was to determine whether or not the brains harbored active virus. 
The chicks were killed 2 at a time at intervals of several days over a 
period of 56 days. The brains of the 2 chicks were pooled, ground 
in a mortar and 3 mice were inoculated with each dilution. In some 
cases one brain only was ground, while the other was sectioned for 
microscopic examination. The results of the tests for virus are 
given in Table 1. 

Histological examination of the brains of 11 chicks, not tested for 
virus, but killed on the 2nd to 20th day after inoculation showed only 
slight, and inconstant changes, consisting at most of small, peri- 
vascular, mononuclear infiltrations. The livers, spleens, and kidneys 
of these animals in all cases appeared normal. No changes were 
observed in the brains and other tissues from chicks killed more than 
20 days after inoculation. 

Groups of 4 to 6 chicks, 2 days old, were then inoculated by various 
routes with 10% mouse brain virus. None of these showed any sign 
of infection. They were killed at intervals and the tissues pooled 
and tested for virus. No gross changes were noted in any of the 
tissues. Microscopic sections of brains were stained by Lentz A 
method, other tissues with hematoxylin and eosin. The observa- 
tions on this group are given in Table II. 

Ten leghorn chicks, 21 days old, were inoculated subdurally, each 
with 0.03 cc of 10% mouse brain virus. These showed no sign of 
infection over a period of one month. 

Serial passage of virus was tried (using leghorns for the first 
2 passages and barred rocks subsequently) in chicks 2 to 6 days old. 
Three chicks were inoculated subdurally each with 0.03 cc of 10% 
mouse brain virus. These were killed 3 to 4 days later. Their 
brains were ground together to make a 10% suspension and 0.03 cc 
were inoculated subdurally into each of 3 new chicks and intra- 
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cerebrally into 3 mice. None of the chicks showed anv sign of in- 
fection. bix instead of 3 chicks were used in the 9th passage; 3 
ot these were killed 10 days and three 25 days after inoculation. The 
results of the mouse inoculation with material from each serial chick 
passage are given in Table III. 

Microscopic sections of the 3 brains of chicks from the 9th 
passage sacrificed 10 days after inoculation showed several foci of 
mononuclear cell infiltration near the meninges, some diffuse 
mononuclear cell infikration and perivascular infiltration in various 
areas and particularly in the cerebellum. 

Serial passage in chicks 2 to 6 days old was also attempted, in 
which the initial inoculation consisted of 0.5 cc of a 10% suspension 
°i mouse-brain-virus administered intraperitoneally to each of 3 
chicks. Transfers were then made by grinding all the brains and 
spleens together to make a 10% suspension and inoculating each 
of 3 new chicks with 0.5 cc intraperitoneally and 3 mice each with 
0.03 cc intracerebrally. None of the chicks showed any sign of 
infection. \ irus was recovered from the first passage, but not from 
the subsequent 8 passages. 

Summitry. Two-dav-old chicks, after inoculation with St. Louis 
encephalitis virus, subdurally or by other routes, failed to show 
any clinical evidence of infection. Nevertheless, the brains of chicks 
v> ^ e en inoculated subdurally proved infectious for mice in 

a dilution of 10-' for at least 6 days and sometimes in a dilution of 
Ur 1 up to 20 days. Histological sections of such brains showed 
only slight changes, consisting at most of small areas of perivascular 
infiltrations. 

The virus was carried through nine serial passages at 3- to 4- 
dav intervals in the brains of 2- to 6-day-old chicks. Chick brains 
ot the ninth serial passage showed areas of focal, diffuse and peri- 
vascular infiltration. 
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Effect of Breathing Pure Oxygen on Respiratory Volume in 

Humans."* 

Nathan W. Shock and Mayo H. Soley 

I' mh the Institute of Child Welfare, the Division « of Physiology, Medicine, and 
Pharmacology of the Medical School, University of California 


Although previous investigators have concluded that the respira- 
tory volume is not altered by the inspiration of high concentrations 
of oxygen 1- 2 we have found an increase in the average respiratory 
volume in normal males when pure oxygen was breathed. 

A group of 33 white male students, ages 18-33, served as subjects 
(mean age 23.5±.S). Each subject was given a preliminary trial 
on the da)’ before the experiments were conducted and was then 
tested with oxygen at the corresponding hour of 2 subsequent days. 
In each experiment the subject rested for 20 minutes in the supine 
position and no tests were run sooner than one hour following a 
meal. Expired air was collected through a Siebe-Gorman half- 
mask and mercury valves (opened by a pressure of 1.5 mm of 
water), into a pair of spirometers of the Tissot type, each with a 
capacity of 9.19 liters (at 0°, 760 mm). The apparatus, which is 
described in detail elsewhere 3 was arranged so that the time was 
electrically recorded when 9.19 liters of air were expired. Expired 
air was measured continuously over a period of 15 minutes before 
the administration of the pure oxygen and for 30 minutes during 
the inspiration of oxygen. 

Oxygen was obtained in 1150-gallon pressure tanks from which 
a pair of Tissot spirometers, each with a capacity of 60 liters, was 
filled. In this way the oxygen was allowed to come to the same 
temperature and pressure as room air before being breathed. The 
valve system was arranged so that the change in inspired air from 
21% to 100% oxygen could be made without the knowledge of the 
subject. Each experiment consisted of: (1) a 20-minute rest period 
in the supine position: (2) a 15-minute period for the measurement 
of respiratory volume with the subject breathing outdoor air; (3) 

* Aided by a grant from the Research Board and the Christine Breon Fund 
for Medical Research of the University of California. Giateful acknowledgment 
is made to the Work Projects Administration (O.P. G5-1-0S-G2, Unit A-S) for 
clerical assistance in the preparation of this material. 

l Benedict, F. G., and Higgins, H. L., Am. J. Physiol., 1911, 28, 1. 

- Davies, H. W., Brow, G. R., and Binger, C. A. L., J. Exp. Med., 1925, 41, 37. 

3 Shock, X. W., and Ogden. E. Child Development. In press. 
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a 20-minute period for the measurement of respiratory volume with 
the subject breathing 100% oxygen. In 36 experiments a fourth 
period of 15 minutes of air collection was continued with the subject 
again breathing outdoor air from the larger spirometers. 

Respiratory volumes were computed in liters per minute at 0° C 
and 760 mm Hg. The resting level was determined for each experi- 
ment from the average of at least 8 observations. The change in 
respiration resulting from breathing pure oxygen was expressed as 
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* Aided by a graut from the Research Board and the Christine Breon Fund 
for Medical Research of the University of California. Grateful acknowledgment 
is made to the Work Projects Administration (O.P. G5-10S-G2, Unit A-S) for 
clerical assistance in the preparation of this material. 

1 Benedict, F. G., and Higgins, II. L., Am. J. Physiol., 1911, 28, 1. 

a Davies, H. W., Brow, G. R., and Bir.ger, C. A. L., J. Exp. Hied., 1925, 41, 3 1 . 

a Shock, X. W., and Ogden. E. Child Development. In press. 
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Although Dennis and Bolton 1 suggested certain advantages of the 
thermo-coagulation method for the induction of lesions in the rat's 
brain, they made no attempt to describe in detail the procedures used 
to induce circumscribed lesions of varying magnitudes and depths 
in the brains of small animals frequently used in laboratories. The 
present technic, in brief, has involved the application of a heated 
platinum wire to a selected area of the exposed skull bone. This 
wire is left upon the skull for an interval, the magnitude of which 
depends upon the nature and purpose of the experiment. Wicro- 
scopic study of the cerebral tissue, following sectioning and stain- 
ing. indicates clearly that differential destruction of specific conical 
layers may be effected by varying the duration of the application of 
the heated cautery wire to the external surface of the skull. Careful 
observation of other layers of the cerebram indicates that the lesions 
so induced are clearcut and that adjacent cells are normal in 
appearance. 

The data available have been accumulated from the study of the 
cerebral areas of 35 rats. These animals, all male albinos, were 3 
months of age at the time that the conical operations were per- 
formed. The results indicate that the application of the heated 
cautery tip to the skull for a period of 10 seconds effects the destruc- 
tion of the outer or first cellular layer of the cortex within the audi- 
tory area.- If the wire is applied for 20 seconds all conical layers 
within this region underlying the tip are destroved. With an 
interval of 15 seconds the first five layers are destroyed. Twenty-five 
and 30-second intervals induce well delimited lesions which extend 
into the hippocampal regions. A detailed analysis of other areas and 
the intervals essential for the induction of conical lesions of differing 
depths is in progress. 

The cautery unit utilized for the induction of these brain lesions 
by thermo-coagulation has been devised for use in dentistry.* The 
heat obtained from this instrument is generated bv alternating 
current. The unit is equipped with a dial which can be set for the 
regulation of the degree of heat generated by the electric current 
passing through the cautery tip acting as a resistance. A more 
accurate quantification of the power dissipated in the cautery tip has 
been made by means of the voltmeter-ammeter method. The 
calories of beat per second generated by the cauterv tip have been 
determined for each dial reading. 

1 W.. and Bolton. C.. >Vk’..tv, 193 a. SI. 297. 

- Ponnhuton. L_ A., J. Con;>. AV*ro?.. 1937. GO. 4 13. 

* i_.uiit.ry unit devised :tnd patented by Burton Manufacturing CoinDanv. 
Chicago. 
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a percentage deviation from the resting value obtained in the period 
prior to the breathing of oxygen. Since similar results were obtained 
when computations were based on the period of breathing air after 
the administration of oxygen, it is clear that the results cannot be 
attributed to increased restlessness of the subjects during a pro- 
longed experiment. 

Results are shown in Table I. It may be seen that in all but 5 
experiments in the total of 66 an increase in respiratory volume 
occurred with the inspiration of pure oxygen. The average incre- 
ment was 13.4% for 66 experiments with 33 subjects. Statistical 
tests indicate that this average increment would occur by chance 
only once in I X 10'® trials. 

The cause of this increase in respiration is speculative but the 
following possibilities are suggested: (1) because of the increased 
oxygen tension in the blood, less oxyhemoglobin is reduced in the 
tissues, thus releasing less base for CO; transport from the tissues. 
In this way the CO- tension of the respiratory center itself may be 
increased with a resulting increase in respiratory volume; 1 (2) the 
increase in oxygen tension of the blood reduces cerebral blood flow 5 
which may result in a local increase in CO- in the respirator}' center; 
(3) an increase in oxygen tension in the respiratory center may 
increase the sensitivity of the center to the normal stimulus so that 
respiratory volume is increased although no rise in [H+] or 
pCO; occurs.® 

Summary. Breathing pure oxygen causes a significant rise in 
the average resting respiratory volume in normal males. 
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Thermo-coagulation in Destruction of Tissue in Cerebral Cortex 

of Small Animals. 

L. A. Pennington (Introduced by J. F. Fulton) 

From the Psychological Laboratory, University of Illinois. 

In order to overcome certain mechanical difficulties inherent in 
the trephining method when applied particularly to the removal of 
tissue in the none too accessible auditory areas of the rat’s cerebral 
hemispheres, the technic about to be described was devised. 

4 Gesell, R., Am. J. Physiol., 1923, 00, 5. 

r. Lennox, W. G., and Gibbs, E. L., J. Clin. Invest., 1932, 11, 1155. 

« Eastman, W. J., International Clinics, Series 4(1, 1936, 11, 275. 
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Respiration o£ Kidney Cortex in High Potassium-Low Sodium 
Ringer’s Solution.* 

Alvin E. Lewis and John Field, 2d. 

From the Department of Physiology, Stanford University. 

Carr and Beck 1 have shown that in the brief life span of an albino 
rat after bilateral adrenalectomy there is a gradual decrease of about 
25% in the basal metabolic rate, when the animal is maintained on 
a “normal” diet The experiments reported here are part of a series 
designed to determine the cause and effect relationship of this de- 
creased metabolic rate in the syndrome of adrenal insufficiency In 
this instance an attempt was made to see whether the typical serum 
electrolyte picture in advanced adrenal insufficiency would reduce 
the respiration of kidney slices from normal rats. The kidney was 
chosen for study because of its importance in producing the adrenal 
insufficiency syndrome 3 and because it has been shown by Crismon 
and Field 3 that there is a decrease in kidney respiration in the 
adrenalectomized rat of about 38%. 

Kidney slices were prepared with the Terry razor microtome 
which proved very satisfactory for this purpose/ The oxygen 
consumption of kidney cortex was measured by the Warburg 
method 5 The suspension medium used in control experiments was 
the mammalian Ringer’s of Dickens and Greville, 0 hereinafter 
termed D G -Ringer's. For the experimental series the medium was 
a high potassium-low sodium modification of mammalian Ringer’s 
solution osmotically balanced with glucose, hereinafter called A.i.- 
Ringer’ s The concentrations of electrolytes in this medium were 
those reported for blood of adrenalectomized animals by GroIIman’ 
and Hegnauer and Robinson 3 The compositions of these solutions 
are summarized in Table I. 

* Supported in p.irt b) a grant from the Rockefeller Fluid Research Fund of 
the Stanford Uimersit) School of Medicine. 

l Carr, C J , and Beck, F. F., .1m. J. Physiol., 1937, 119, 589. 

- Loeb, R. F , Glandular Physiology ami Therapy, Chicago, The American Med 
ical Association, 1935, Chapter 20. 

'Crismon, J. M , and Field, J , ,1m. .7. Physiol., 1940, in press. 

4 Terr), B. T , .Jin. J. Clin. Path., 1937, 7, 09. 

"> Field, J , Belding, 11. S., and Martin, A. W, J. Cell. Comp. Physiol., 1939, 
14, 143 

« Dickens, F , and Grecille, G. D„ Ihoclu m. J., 1935, 29, 1408. 

‘ Grollmin, A, The Adrenals, B iltimore, Willnuis and Wilkins Co., 1930, 
184 1SS. 

s Uegn tuer, A. II , and Robinson, E. J., J. Biol. Chi m , 1930, 1 10, 709. 
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Additional comments concerning the behavioral data obtained 
from this study are relevant at this point. These data obtained from 
carefully controlled observations of the animals in an auditory 
discrimination apparatus 3 were in general agreement with those 
obtained from the observations of other animals operated upon by 
the extirpation method. Although these 2 sets of operative and 
behavioral data were not strictly comparable because of differential 
extents and depths of the lesions, it is clear that the method of 
thermo-coagulation results in postoperative disturbances in animal 
behavior similar in degree to those observed in animals of the other 
group. 

That the values of this method are numerous seems clear. First, 
recovery of the animal is rapid. If the investigator wishes, the 
behavior of the animals may, in most instances, be studied from 
one to three days after operation. Rapid recovery makes possible a 
more detailed and complete collection of experimental data pertain- 
ing to the problem of the restitution of function following artificial 
injuries to the nervous system. Second, the procedure requires far 
less time for the actual performance of the operation, and, hence 
tends to reduce operative shock. This method does necessitate, 
however, the aid of an assistant who serves as a timekeeper. Third, 
the approach makes readily accessible, in the rat brain at least, 
certain cerebral areas, especially areas j, k, and [> delimited earlier 
by Fortuyn.* Fourth, the method results in fewer cases of infec- 
tion and thus reduces the mortality rate. Fifth, the thermo-coagu- 
lation technic is more readily controlled than is the trephine 
method in studies on small animals. It makes possible the induc- 
tion of very small or of very large cerebral lesions with fewer 
technical difficulties than is ordinarily possible with the extirpation 
method currently in use. 

3 Hunter, W. A., mid Pennington, L. A., Science, 1939, 89, 87. 

i Fortuyn, A. II. IX, Arch. Xturol. anil Psychiat., London, 1914, 6, 221. 



423 


11477 

Respiration of Kidney Cortex in High Potassium-Low Sodium 
Ringer’s Solution.* 

Alvin E. Lewis and John Field, 2d. 

From the Department of Physiology, Stanford University. 


Carr and Beck 1 have shown that in the brief life span of an albino 
rat after bilateral adrenalectomy there is a gradual decrease of about 
25% in the basal metabolic rate, when the animal is maintained on 
a “normal” diet. The experiments reported here are part of a series 
designed to determine the cause and effect relationship of this de- 
creased metabolic rate in the syndrome of adrenal insufficiency. In 
this instance an attempt was made to see whether the typical serum 
electrolyte picture in advanced adrenal insufficiency would reduce 
the respiration of kidney slices from normal rats. The kidney was 
chosen for study because of its importance in producing the adrenal 
insufficiency syndrome 2 and because it has been shown by Crismon 
and Field 3 that there is a decrease in kidney respiration in the 
adrenalectomized rat of about 38%. 

Kidney slices were prepared with the Terry razor microtome 
which proved very satisfactory for this purpose/ The oxygen 
consumption of kidney cortex was measured by the Warburg 
method. 5 The suspension medium used in control experiments was 
the mammalian Ringer’s of Dickens and Greville, 0 hereinafter 
termed D.G.-Ringer’s. For the experimental series the medium was 
a high potassium-low sodium modification of mammalian Ringer’s 
solution osmotically balanced with glucose, hereinafter called A.I.- 
Ringer’s. The concentrations of electrolytes in this medium were 
those reported for blood of adrenalectomized animals by Grollman 7 
and Hegnauer and Robinson. 3 The compositions of these solutions 
are summarized in Table I. 

* Supported in part by a grant from the Rockefeller Fluid Research Fund of 
the Stanford University School of Medicine. 

l Carr, C. J., and Beck, F. F., Am. J. Physiol., 1937, 119, 5S9. 

Loch, R. F., Glandular Physiology and Therapy, Chicago, The American Med- 
ical Association, 1935, Chapter 20. 

3 Crismon, J. M., and Field, J., .Ini. J. Physiol., 1910, in press. 

4 Terry, B. T., Jm. J. Clin. Path., 1937, 7, 09. 

5 Field, 3., Belding, H. S., and Martin, A. W., J. Cell. Comp. Physiol., 1939, 
14, 143. 

« Dickens, F., and Greville, G. D., Binehcm. J., 1933, 29, 1108. 

” Grollman, A., The Adrenals, Baltimore, Williams and Wilkins Co., 1930, 
1S4-1S3. 

a Hegnauer, A. II., and Robinson, E, J., J. Biol. Cl, cm., 1930, 110, 709. 
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Kidney Respiration in A. I. Ringer's 


table 1. 



D.G.-Itiiiger‘ 

12 per liter 

A.I.-Itiugcr* 
g per liter 

N.-tCJ 

7.00 

3.4 

KC1 

0.13 

0.36 

MgCl...iiII..O 

0.1(1:27 

0.1950 

CaCI...2II..b 

0.223 

0.225 

Glueose 

22.00 

9.80 


'Both solutions wore buffered :it j>II 7.4 with sodium ldiosidi/iti? in tim'd con- 
vent ration of if/150. 


ihirty-two determinations were made in D.G. -Ringer’s solution 
and 39 in the A. I.- Ringer’s solution. Since the tissues were obtained 
from 9 white rats ( Slonaker- Wistar strain), the arithmetic means 
of the results obtained on each animal were analyzed statistically 
as paired data. The mean oxygen consumption, N.P.T., per mg 
(dry weight) in one hour was 16.954 cu mm in D.G.~Ringer's solu- 
tion and 16.09S cu mm in A. I. -Ringer's solution. The mean differ- 
ence was O.S55 ; the standard deviation was 1.29; the standard error 
was 0.4S9, and the value of “t” (Fisher, 1936) was 1.7485. This 
indicates that this small difference in oxygen consumption could 
occur by chance more than 5 times in a hundred. Thus, the differ- 
ence observed is not statistically significant. Although the mean 
difference observed may actually exist, as might possibly be shown 
by a more lenient statistical method, this observed fall in oxygen 
consumption, even at its maximum, is not of the order of magnitude 
of that observed for tissues of adrenalectomized animals. 

It can readily be seen that this experiment represents a very 
limited reproduction of the situation occurring in adrenal insuffi- 
ciency. Although the electrolyte content of the A. I. -Ringer's solu- 
tion approximates the blood picture occurring in fairly extreme 
cases of adrenal insufficiency, there are certain aspects of the total 
picture which have necessarily been omitted. Thus, for example, 
the time factor has been completely neglected. Whereas the elec- 
trolyte change occurring in adrenal insufficiency is slow and chronic, 
this experiment, as a first approach to the evaluation of the elec- 
trolytic factors, necessarily represents an acute situation. 

To the extent that the experimental situation produced here 
fii vitro is comparable to the electrolytic imbalance occurring in 
adrenal insufficiency it would appear that the changed electrolyte 
content does not have a direct role of significant magnitude in the 
depression of the oxygen consumption of the kidney cortex. 
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Influence of Rate of Urine Formation on Potassium Excretion.* 


V. E. Hall and L. L. Langley 

From the Department of Physiology, Stanford University. 

From an accurate description of the relations existing between 
the rate of renal excretion of any substance and the rate of urine 
formation, it is possible to make certain deductions concerning the 
manner in which the kidney excretes that substance. In spite of the 
active current interest in potassium metabolism, this relation as it 
exists in man has not been satisfactorily studied. We have attempted 
to fill this gap. 

Repeated simultaneous determinations of plasma and urinary 
potassium concentrations were made upon 3 normal adult male 
subjects maintained on diets of approximately constant potassium 
content. The water content was varied within wide limits. With 
extreme water deprivation, urine flow rates as low as 0.5 cc per min. 
were obtained; while with ingestion of excess water, the flow 
reached 6 or more cc per min. Urine was collected for one 2-hour 
period, in the middle of which blood was drawn for analysis. The 
blood was oxalated and centrifuged immediately at 3000 rpin for 
20 minutes. Potassium was determined on ashed urine and plasma 
by the method of Kramer and Tisdall. 1 ' 2 Special precautions were 
taken to prevent loss of precipitate in washing. The subjects carried 
on regular laboratory work during the experimental periods. 

The excretion rates have been expressed as clearances (C), 
calculated by the conventional formula: 

U A r 

~ p 

in which U is the concentration of potassium in the urine (mg per 
cc), f the volume of urine (cc per min.), and P the plasma potas- 
sium concentration (mg per cc). The plasma potassium con- 
centrations (means with standard errors of means) were: 
Subject L, 16.4 ± 0.2: Subject C, 16.5 ± 0.6; and Subject H, 
17.9 ± 0.4 mg per 100 cc. 

From Fig. 1, in which the clearances are plotted against the rates 
of urine flow, it may be seen that, over a wide range of flow rates, 

* Supported in part by a grant from the Fluid Research Fund of the Stanford 
University School of Medicine. 

1 Kramer, B., and Tisdall, F. F., J. Biol. Chcm., 1021, 40, 330. 

- Tisdall, F. F., and Kramer, B., J. Biol. Chcm., 1021, 48, 1. 
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the clearance remains constant. Below about 0.6 cc per sq m per min 
(“the augmentation limit”), the clearance falls sharply in all 3 
subjects. Since, according to Chesley, 3 the glomerular filtration 
rate begins to fall off as the urine flow reaches approximately this 
value, it is probable that the decrease in potassium clearance at urine 
flow rates below the observed augmentation limit is due to a reduc- 
tion in glomerular filtration. 

The observations of Griffon 1 apparently showed that the rate 
of potassium excretion in man was proportional to the rate of urine 
flow. However, he confined his observations to the range of 0.35 
to 1 cc per min., and was thus working largely below the augmenta- 
tion limit. On the other hand, the data of Cutler, Power and 
Kendall 1 suggested that in normal human subjects potassium excre- 



FiG. i. 

Effect of urine flow rate on potassium clearance in normal male subjects. 
Clearances (ordinates, with sepaiate scales for each subject) are stated as cc 

plasma cleared per min. _________ 

3 Chesley, L. C., J. Clin . Invent., 193S, It, 591. 

4 Griffon, H., Comp. rend. Soc. de Biol., 1936, 121, 17, 

5 Cutler, H. H., Power, AT. H., and Wilder, K. Jt., J. Am. Med. Assn., 1938, 

111 , U7. 
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tion was independent of urine flow. All the flow rates of these in- 
vestigators now appear to have been above the augmentation limit. 
Our observations confirm and reconcile the findings of both these 
groups of workers. 

The clearance (“maximal”) of our 3 subjects averaged about 16 
cc per sq m per min. Since the glomerular filtration rate of normal 
subjects is about 69 cc per sq m per min, potassium must be re- 
absorbed by the kidney tubules. Since both the rate of glomerular 
filtration and the rate of potassium excretion remain constant over 
a wide range of urine flow rates, the rate of tubular reabsorption 
must also remain constant. Accordingly, the concentration of potas- 
sium in the tubular urine may vary widely without causing changes 
in the rate of tubular reabsorption. Such reabsorption cannot 
therefore be entirely a passive process resulting from the gradient 
established by the reabsorption of water. 

The factors controlling such reabsorption are now under investi- 
gation in this laboratory. 
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Hemolytic Action of Fluorides on Certain Nucleated 
Erythrocytes. 

T. N. Hamdi and J. K. W. Ferguson 

From the Marine Biological Laboratory, Woods Hole, Mass. 

In a study of CCk dissociation curves of dogfish blood (Fergu- 
son, Horvath and Pappenheimer 1 it was observed that sodium 
fluoride added to prevent glycolysis caused a slowly progressive 
swelling, usually ending after 3 to 10 hours in hemolysis. Hemo- 
lysis of fish blood by oxalate has been observed by Black and Irving. 2 
The effects of several fluorides, oxalates and other salts have been 
tested on the blood of various species with nucleated erythrocytes. 
One tenth molar and molar solutions of the salts were added to 9 
times their volume of the blood to be tested, which had previously 
been defibrinated. The final concentration of the salts was. in one 
series, one-hundredth molar and, in the other, one-tenth molar. In 
the first series the final solution bathing the cells would be slightly 

1 Ferguson, J. K. W., Horvath, S. M., and Pappenheimer, J. It, Biol. Bull., 
103S, 73, 3S1. 

- Black, E. C., and Irving, Laurence, ./. Cell. Comp. Physiol., 193S, lit L’jj. 
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the clearance remains constant. Below about 0.6 cc per scj m per min 
(“the augmentation limit”), the clearance falls sharply in all 3 
subjects. Since, according to Chesley/ the glomerular filtration 
rate begins to fall off as the urine flow reaches approximately this 
value, it is probable that the decrease in potassium clearance at urine 
flow rates below the observed augmentation limit is due to a reduc- 
tion in glomerular filtration. 

The observations of Griffon 4 apparently showed that the rate 
of potassium excretion in man was proportional to the rate of urine 
flow. However, he confined his observations to the ranee of 0.35 
to 1 cc per min., and was thus working largely below the augmenta- 
tion limit. On the other hand, the data of Cutler, Power and 
Kendall 1 suggested that in normal human subjects potassium excre- 



111 , 117 . 
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Effect of Arsenicals on Liver Lipids of Rabbits. 

P. L. MacLachlan. (Introduced by E. J. Van Liere.) 

From the Department of Biochemistry, School of Medicine, West Virginia 
University, Morgantown. 


Attempts to determine the effect of liver injury on the amount and 
distribution of the liver lipids have yielded widely divergent results. 
Theis 1 found that the relation of phospholipid to neutral fat is quite 
constant for normal liver tissue and may be expressed as an equilib- 
rium, 55 to 60% phospholipid : 45 to 40% neutral fat. However, 
if the liver is damaged or diseased this relation is altered. The 
abnormal organs seldom show any change from normal in the 
amount of total lipid, but the proportion of phospholipid is greatly 
diminished apparently because of a failure to convert neutral fat to 
phospholipid. Results obtained by MacLachlan 3 for white rats are 
at variance with those reported by Theis in two respects : ( 1 ) the 
proportion of total lipid present as phospholipid in normal liver tissue 
is considerably higher, and (2) no displacement of the normal phos- 
pholipid : neutral fat balance takes place as a result of liver injury. 
MacLachlan and Hodge 3 found in cocaine-fed mice which showed 
extensive liver injury that the neutral fat and cholesterol contents 
increase greatly but the phospholipid content remains strikingly 
constant. This clearly shows that a change in the phospholipid to 
neutral fat ratio of the liver lipids from normal may result from 
a change in the neutral fat content only. 

Since arsenicals are capable of producing extensive necrosis of 
the liver with fatty degeneration, it was considered worthwhile to 
determine the effect of arsphenamine and neoarsphenamine poisoning 
on the amount and distribution of the liver lipids. 

Fourteen young adult rabbits of both sexes were maintained on a 
diet of Purina rabbit chow for 2 weeks prior to the experiment. To 
each of 4 rabbits, 50 mg per kg of arsphenamine were administered 
intravenously every third day until 5 doses were given : to each 
of another 2 animals, 5 doses of 75 mg per kg of neoarsphenamine 
were administered similarly. Thus the rabbits received a total 
of 250 mg per kg of arsphenamine or 375 mg per kg of neoarsphena- 
mine within 2 weeks. The remaining S animals served as controls. 

1 Theis, E. R., J. Biol. Chan., 192S, 7U, 107; 192S, 77, 75; 1929, 82, 327. 

- MaeLachlan. V. U, Pitoc. Soc. Exr. Biou and Med., 1930, 34, 31. 

;l I', h., ami Hodge, H. 0., ,/. Biot, riiem., 1939, 127, 721. 
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hypotonic and in the second slightly hypertonic. In the later experi- 
ments using molar solutions the more alkaline ones (oxalates, 
citrates and arsenates) were adjusted by the addition of HC1 to 
a pH between 7.0 and 7.4, as indicated by phenol red. This pro- 
cedure produced in certain cases significant alterations in the results. 
I he following salts were tested on all the species used — sodium 
chloride, sodium thiocyanate, sodium fluoride, sodium oxalate. In 
some experiments the following salts were used, too — sodium citrate, 
sodium arsenate (mostly dibasic), aluminium fluoride, zinc fluoride. 
I he bloods tested included dogfish (Mustclus amis), tautog (Tau- 
tuga onitis), sea robin (Prionohts carol in us ) , squeteague (Cyonos- 
cion regale) and a turtle and a snake (species unknown). 

Results. Progressive swelling was not observed after the addi- 
tion of sodium chloride or sodium thiocyanate. All the fluorides 
tested produced progressive swelling and (when the observations 
were sufficiently prolonged ) hemolysis of the erythrocytes of all 
the fish listed above. The nucleated erythroctyes of the turtle and 
snake were not, however, susceptible to fluoride. The results with 
oxalate, citrate and arsenate were less regular. Sometimes swelling 
and hemolysis were produced and it occurred more often with the 
stronger concentrations. In a few experiments it appeared that 
even the stronger solutions failed to cause swelling when they were 
neutralized. This phenomenon suggested a possible explanation of 
the results. 

Fluorides, oxalates, arsenates and citrates might be expected to 
remove magnesium and calcium ions from solution. The latter 3 
anions would remove magnesium less effectively in neutral or acid 
solution, although they would still be effective in removing calcium 
ion. The removal of magnesium ion from the susceptible bloods 
might alter the permeability of erythrocytes in some manner which 
would result in the swelling and hemolysis e.g. by increasing the 
permeability to cations. However, these results are presented in this 
incomplete form not so much to indicate an explanation as to draw 
attention to a phenomenon which has complicated investigations of 
the transport of respiratory gases by fish blood. Circumstances 
make it unlikely that we shall be able to pursue this investigation 
further in the near future. 

Summary. The nucleated erythrocytes of certain fishes show 
progressive swelling and eventual hemolysis on the addition of 
fluorides. Oxalates and arsenates produce a similar effect but with 
less regularity. The nucleated erythrocytes of a turtle and a snake 
did not react in this way. 
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Effect of Arsenicals on Liver Lipids of Rabbits. 

P. L. MacLachlax. (Introduced by E. J. Van Liere.) 

From the Department of Biochemistry, School of Medicine, West Virginia 
University, Morgantown. 


Attempts to determine the effect of liver injury on the amount and 
distribution of the liver lipids have yielded widely divergent results. 
Theis 1 found that the relation of phospholipid to neutral fat is quite 
constant for normal liver tissue and may be expressed as an equilib- 
rium, 55 to 60% phospholipid: 45 to 40% neutral fat. However, 
if the liver is damaged or diseased this relation is altered. The 
abnormal organs seldom show any change from normal in the 
amount of total lipid, but the proportion of phospholipid is greatly 
diminished apparently because of a failure to convert neutral fat to 
phospholipid. Results obtained by MacLachlair for white rats are 
at variance with those reported by Theis in two respects : ( 1 ) the 
proportion of total lipid present as phospholipid in normal liver tissue 
is considerably higher, and ( 2 ) no displacement of the normal phos- 
pholipid: neutral fat balance takes place as a result of liver injury. 
MacLachlan and Hodge 3 found in cocaine-fed mice which showed 
extensive liver injury that the neutral fat and cholesterol contents 
increase greatly but the phospholipid content remains strikingly 
constant. This clearly shows that a change in the phospholipid to 
neutral fat ratio of the liver lipids from normal may result from 
a change in the neutral fat content only. 

Since arsenicals are capable of producing extensive necrosis of 
the liver with fatty degeneration, it was considered worthwhile to 
determine the effect of arsphenamine and neoarsphenamine poisoning 
on the amount and distribution of the liver lipids. 

Fourteen young adult rabbits of both sexes were maintained on a 
diet of Purina rabbit chow for 2 weeks prior to the experiment. To 
each of 4 rabbits, 50 mg per kg of arsphenamine were administered 
intravenously every third day until 5 doses were given : to each 
of another 2 animals, 5 doses of 75 mg per kg of neoarsphenamine 
were administered similarly. Thus the rabbits received a total 
of 250 mg per kg of arsphenamine or 375 mg per kg of neoarsphena- 
mine within 2 weeks. The remaining S animals served as controls. 

l Theis, E. It., J. Biol. Chem., 192S, 70. 107; 1928, 77, 75; 1929, 82, 327. 

- MacLadilan, P. L., Piioc. Soc. Exp. Biol, and Med., 1930, 3-1. 31. 

a MaeLaehlaii, P. I.., and Hodge, II. C„ J. Biol. Cium., 1939, 127, 721. 
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A small portion of each liver was used for moisture determination. 
Lipid analyses were made on another portion by standard procedures, 
Bloor* and Boyd. 5 

Histological examination of the livers showed moderate to 
severe necrosis with fatty degeneration as a result of the arsenical 
treatment. However, the results of the chemical analyses of the 
livers ( Table I) show that there are no significant changes from 
normal following the administration of either arsphenamine or 
neoarsphenamine. The neutral fat content of the treated animals, 
while showing more individual variation, is no greater in amount 
ihan that of the untreated animals. The constancy of the phospho- 
lipid content, moreover, does not support the idea that in liver 
injury neutral fat increases at the expense of phospholipid. The 
normal values obtained for the total lipid content and the ratio of 
phospholipid to neutral fat of the livers of rabbits following arsenical 
poisoning are in agreement with the observations of MacLachlair 
for rats following liver injury, but stand in marked contrast to the 
findings of MacLachlan and Hodge 5 for cocaine-fed mice. Appar- 
ently a change in the phospholipid : neutral fat balance of the liver 

TABLE I. 


Liver Lipids of Babbits Following Administration of Arsphenamine and Nco- 
arsplienainine. (Calculated on thu basis of moist weight.) 


Babbit' 

No.* 

Total 

Moisture, Lipid, 
7o 7c 

Phospho- 

lipid, 

cr 

lO 

Neutral 

Fat, 

7c 

Chole- 

sterol, 

To 

Phospholipid : 
Neutral Fatf 
% 

1-C 

71.9 

4.42 

3.15 

.928 

.337 

71 : 21 

2-C 

71.1 

4.GS 

3.43 

.873 

.381 

73 : 19 

3-C 

71.7 

4. OS 

3. 08 

.000 

.331 

79 : 14 

4-C 

72.0 

4.44 

3.44 

.009 

.333 

78 : 15 

5-C 

73.3 

3.95 

3.07 

.402 

.415 

78 : 12 

G-C 

70.7 

4.23 

3.43 

.487 

.297 

82 : 12 

7-C 

71.5 

4.01 

3.22 

.510 

.278 

80 : 13 

8-C 

70.4 

4.15 

3.23 

.509 

.350 

78 : 14 

Avg 

71.G 

4.32 

3.33 

.040 

.341 

77 : 15 

9-A 

73.7 

4.12 

3.16 

.301 

.000 

77 : 9 

10 -A 

74.3 

4.11 

3.44 

.237 

.433 

84 : 0 

11- A 

72.0 

4.43 

3.G2 

.372 

.437 

82 : 8 

12-A 

70.5 

3.74 

2.47 

.993 

.277 

00 : 20 

13-N 

72.0 

4.74 

3.29 

.900 

.390 

70 : 20 

14-N 

72.5 

4.04 

3.03 

.045 

.305 

75 : 10 



— 

— 

- 

— 



Avg 

72.5 

4.20 

3.17 

.593 

.417 

70 : 14 

»C — Control ; A— 

-Arsphenamine ; N — Neoarsphenamine. 


t Expressed as per cent of total lipid. 




■4 Bloor, 

W. K., ./• 

Biol. Chem., 

1928, 77, 53. 



o Boyd, 

E. M., J. 

Biol. Chcm., 1931, 91, 1. 
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following liver injury occurs only when there is a change (from 
normal) in the total lipid content of the organ. 

Summary. Liver injury in rabbits resulting from .the adminis- 
tration of arsenicais in the form of arsphenamine and neoarsphena- 
mine cause no significant changes from normal in the amount or 
distribution of the liver lipids. 

The author wishes to express his appreciation to Dr. G. A. Emer- 
son of the Department of Pharmacology for furnishing the experi- 
mental material and to Dr. J. E. Andes of the Department of Path- 
ology for the histological examination of the tissues. 
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Effect of Chlorination of City Water on Virus of Poliomyelitis.* 
J. Emerson Kempf and Malcolm H. Soule 

From University of Michigan, Ann Arbor. 


Water was considered in early reports concerning the transmission 
of poliomyelitis. This method of spread seemed unlikely when later 
experimental evidence favored an air-borne infection entering the 
host through the olfactory tract. However, Kling, 1 observing 
European epidemics, reconsidered the question and additional 
evidence was accumulated incriminating water as a factor in the 
spread of the virus. 

Poliomyelitis virus was found in human feces as early as 1912 3 
and these observations have been amply confirmed. Unfortunately 
the technic of Sawyer 3 requiring a second monkey passage as an 
important criterion to verify the presence of the virus was ignored 
until 1938. In that year, Trask, Vignec, and Paul, 1 and Kramer, 
Hoskwith, and Grossman’’ improved the technic of virus isola- 

* This work was aided by a grant from the Clara Ward Seaburv Clinic for the 
Study of Infantile Paralysis. 

\\ c arc indebted to Mr. Harry McEntee, Supervising Chemist, Ann Arbor 
Mater Softening Plant, for valuable assistance in this work. 

l Kling, C., Bull. Office intcrnat. d’/ii ig. pub., 192S, 20, 1770. 

- Kling, C., Pettersou, A., and Wernstcdt, W., Communication Inst. med. Clat, 
Stockholm, 1912, 8, 5. 

3 Sawyer, W. A., Am. J. Trap. Dis. and Prcv. Med., 1915, 3, 104. 

4 Trask, J. D., Vignec, A. J., and Paul, J, R., Proc. Soc. Exp. Biol, .vxd Med., 
193S, 38, 147. 

'■Kramer, S. D„ IIo-Auith, B., and Grossman, L. H., J. Exp. Mai., 1939, 
«», 19. 
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tion and included serial passage in monkeys. Using the new pro- 
cedure Paul, Trask, and Gard 0 detected the virus in sewage in the 
Charleston and Detroit epidemics of 1939. In addition, Kramer, 
Gilliam and Molner 7 isolated the virus from stools of healthy 
contacts in a Detroit institutional outbreak. Others 8-11 during the 
past year have succeeded in isolating the virus and carrying it 
through a second animal passage. 

The presence of the virus in human intestinal discharges led 
J-evaditi, Kling and Lepine 13 to investigate the effect of chlorination. 
A concentration of 4 parts per million (ppm) destroyed the virus 
in a cloudy tap water emulsion of infected monkey cord in 24 hours; 
0.40 ppm was equally effective with clarified preparations. The pH 
and temperature of the emulsions were not recorded. They con- 
cluded that chlorination by the usual methods was virucidal. This 
work is lacking in two essentials, namely, the minimum effective 
chlorine concentration, and the shortest effective contact period. The 
chlorine concentrations and contact periods they used were consider- 
ably in excess of those employed in this country. Because of lack 
of data on the virus-inactivating effects of chlorination as usually 
practiced, the problem was reinvestigated. 

Fresh water was obtained for each experiment from the Ann 
Arbor Water Softening Plant where the water is treated by the 
ammonia-chlorine process in which chlorine is present as chloramines. 
The chlorine content of the water was determined by the ortho-toli- 
dine test. Reducing substances in the water did not interfere with 
its accuracy. The MV virus was selected for these experiments. 
It had a minimal infective dose of approximately 0.001 g of spinal 
cord. 

The suspensions to be tested were prepared by making a 10 c /o 
emulsion of infected spinal cord in saline with subsequent centrifu- 
gation at 4,500 rpm (radius 10 cm). The supernatant contained a 
minimum amount of organic matter. This was desirable since 

o Paul, J. It., Trask, J. D., and Gard, S., J. Bad., 1940, 39, 63. 

7 Kramer, S. I)., Gilliam, A. G., and Molner, J. G., Public Health Rep., 1939, 
54, 1914. 

8 Lfipine, P., and Sedallian, P., Comp, rend., 1939, 208, 129. 

3 Toomey, J. A., Arch. Pcd., 1939, 56, 693. 

10 Howe, H. A., and Bodian, D., Pnoc. Soc. Exp. Biol, and Med., 1939, 41, 53$. 

11 Sthnpert, F. D., personal communication. 

ie Kcmpf, J. E., and Soule, M. H., unpublished. 

13 Levaditi, C., Kling, C., and Lepine, P., Bull. Acad, de med., Paris, 1931, 
105, 190. 
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Mailman 14 and Fox 15 demonstrated a protective effect on bacteria 
of organic matter in the presence of chlorine. 

In experiment 1, 2.0 cc of the supernatant were added to 100.0 
cc of chlorinated water and the same amount to a distilled water 
control. The initial chlorine content at the time of adding the virus 
was 0.58 ppm; this dropped to 0.10 ppm in an hour at which time 
2.0 cc of each solution were injected intracranially into monkeys. 
Both animals developed quadriplegia, the control in 6, the other in 
8 days. 

Experiments 2 and 3 (Tables I and II) : One part of the virus 
suspension was diluted with 165 parts of chlorinated water; a dis- 
tilled water control was also prepared. Five minutes later the 
chlorine content, temperature and pH were determined. At stated 
intervals, monkeys were inoculated as in Experiment 1. The 
temperature readings were made at the time of each monky injection. 

Attention should be directed to the persistence of a chlorine 

TABLE I. 

Effect of Chlorination on MV Virus in 1:1030 Dilution.! 


Chlorine concentration, ppm 


Monkey 

No. 

r ' 

5 min after 

Original exposure At time of 
Cone. to virus inoculation 

Contact 

period, 

hr 

Neurological 

aigas 

Time of 
onset, 
days 

3 

(Control) 


Quadriplegia* 

12 

4 

0.55 0.55 0.50 

m 

35 

5 

0.55 0.55 0.35 

4 

Negative 

» t 


G 

0.53 0.55 0.20 

10 


7 

0.55 0.55 0.05 

24 

t* 


*IIistopathologieal picture was compatible with that of acute poliomyelitis. 

t Temperature 21-2± 0 C; pH 8.5. 





TABLE II. 




Effect of Chlorination on MV Virus in 

1:1650 Dilution, t 



Chlorine eoneentration, ppm 





/ ' ' A 

5 min after 

Contact 


Time of 

Monkey 

Original exposure At time of 

period. 

Neurological 

onset, 

No. 

Cone. to virus inoculation 

hr 

signs 

days 

s 

(Control) 


Quadriplegia* 

♦ t 

10 

9 

0.S0 0.53 0.40 

i 

14 




XI nerve paralysis* 

10 

0.S0 0.33 0.40 

2 1 >» 

Leg paralysis 

JO 




Arm miresia 


11 

0.SO 0.33 0.23 

o 

Negative 



'Histopathologv was compatible with that of acute poliomyelitis. 
♦Temperature 21-23° C; pH S.3. 


»* Mailman, W. L„ Mich. Eny. Exp. Sla., Hull. .Vo. 30, 1934. 
15 Eos, L. A., Military Suryrnii. 1030. 7H. 320. 
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content of 0.50 ppm for 1 y 2 hours in Experiment 2, indicating a 
negligible chlorine demand by the organic matter. In Experiment 
3, apparently there was more organic material present because the 
residual chlorine dropped from 0.80 ppm to 0.50 in 5 minutes and 
to 0.40 ppm in 1 hour. The contact period required for inactivation 
of the virus was approximately the same in both instances. As an 
additional control 0.45 ppm was adequate to kill B. coli in a con- 
centration of 24,000 organisms per cc in y 2 hour. 

In municipal practice, a residual chlorine content of 0.10 to 0.20 
ppm for y 2 to 2 hours is considered adequate for the production of 
a safe water. The results in this paper indicate that a higher con- 
centration and a longer contact period are necessary to inactivate the 
virus of poliomyelitis. The possibility that drinking water, ade- 
quately chlorinated according to accepted standards, may be a factor 
in the epidemiology of poliomyelitis must be recognized as a result 
of these findings. As a corollary, attention is directed to the short- 
coming of this method for the protection of swimming pool water 
since carriers may discharge the virus from the intestinal tract or 
the naso-pharynx and the chlorine content of swimming pools is apt 
to drop significantly during the peak bathing loads. The need for 
more sensitive methods for detecting the poliomyelitis virus in water 
should be emphasized. Even persistently negative results would not 
necessarily assure the absence of the virus from water, because 
organisms such as B. typhosus are seldom found by direct bacterio- 
logical methods. 

Whether the aluminum hydroxide sedimentation process previous 
to chlorination would produce virus-free water cannot be answered 
in this paper. Experiments are being continued to determine 
whether the chlorine concentrations usually used in swimming pools 
are sufficient to inactivate the virus. 

Summary. Chlorine in a concentration of 0.5 ppm, which is an 
amount in excess of that usually employed in municipal practice, did 
not inactivate the virus of poliomyelitis in \y 2 hours. 
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Non-Induced Cardiopathic Disease in a Rabbit — Electrocardio- 
graphic and Pathologic Study. 

Jan Nyboer. (Introduced by Maurice Bruger.) 

From the Department of Medicine, New York Post-Graduate Medical School and 
Hospital, Columbia University, Hew York City. 

The recognition of heart disease in experimental animals would be 
a great asset in the selection of healthy animals. Miller 1 has shown 
that spontaneous interstitial myocarditis existed in rabbits. Refer- 
ence to the electrocardiographic diagnosis of non-induced cardiac 
disease in laboratory animals was not found in the literature. How- 
ever, many electrocardiographic studies on induced heart disease 
have been made. 2 " 4 Seifried 5 referred to pathologic studies in 
rabbits with heart disease. 

In a preliminary control electrocardiographic study on 16 three- 
month-old rabbits, there was a definite variation in the voltage, 
rhythm and form of the electrical complexes. The electrocardiogram 
of rabbit No. 7 in this series diverged definitely from the average so 
that a diagnosis of acute myocardial disease was suggested. This 
tracing also indicated the possibility that the disease might be 
localized in the myocardium. 

This rabbit was received in a shipment one week previously and 
no known experiments had been performed on it. General observa- 
tions showed the animal to be drowsy, inactive, and anorexic. The 
rectal temperature was 103° F. on the day the electrocardiogram was 
taken. Inanition continued for 2 days. On the third, the rabbit 
was found dead in its cage. On autopsy, a gross inspection of the 
body, lungs and abdominal viscera showed no demonstrable pathol- 
ogy. The epicardium, however, was adherent to the right antero- 
lateral chest wall. No pericardial effusion was present. By com- 
parison with normal hearts it measured about the same size. The 
heart was placed in formalin, sectioned and stained with hemotoxylin 
and eosin for microscopic study. 

Figure I. shows electrocardiograms of a control rabbit and of 

i Miller, C. P., J. Eup.~MalZ 

- Agduhr, E-, and Stenstrom, X., The Appearance of the Elrctrorardw/jram in 
Heart Lesions Produced by Cod Liver Ot! Treatment, Almquist and Wiksclls, 
Uppsala, 1930. 

3 Johnston, F. D., Hill. I. G. W., and Wilson, F. X., Am. Heart J„ 1933. 10. 903. 

< Wood, F. C., and Wolfertli, C. C., Arch. hit. Med.. 1933, 51, 771. 

•> Seifried, O., Krnnfc< itcn dis Kannichi ns, Julius Springer, Berlin, 1937. 
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content of 0.50 ppm for 1^4 hours in Experiment 2, indicating a 
negligible chlorine demand by the organic matter. In Experiment 
3, apparently there was more organic material present because the 
residual chlorine dropped from 0.80 ppm to 0.50 in 5 minutes and 
to 0.40 ppm in 1 hour. The contact period required for inactivation 
of the virus was approximately the same in both instances. As an 
additional control 0.45 ppm was adequate to kill B. coli in a con- 
centration of 24,000 organisms per cc in hour. 

In municipal practice, a residual chlorine content of 0.10 to 0.20 
ppm for yi to 2 hours is considered adequate for the production of 
a safe water. The results in this paper indicate that a higher con- 
centration and a longer contact period are necessary to inactivate the 
virus of poliomyelitis. The possibility that drinking water, ade- 
quately chlorinated according to accepted standards, may be a factor 
in the epidemiology of poliomyelitis must be recognized as a result 
of these findings. As a corollary, attention is directed to the short- 
coming of this method for the protection of swimming pool water 
since carriers may discharge the virus from the intestinal tract or 
the naso-pharynx and the chlorine content of swimming pools is apt 
to drop significantly during the peak bathing loads. The need for 
more sensitive methods for detecting the poliomyelitis virus in water 
should be emphasized. Even persistently negative results would not 
necessarily assure the absence of the virus from water, because 
organisms such as B. typhosus are seldom found by direct bacterio- 
logical methods. 

Whether the aluminum hydroxide sedimentation process previous 
to chlorination would produce virus-free water cannot be answered 
in this paper. Experiments are being continued to determine 
whether the chlorine concentrations usually used in swimming pools 
are sufficient to inactivate the virus. 

Summary. Chlorine in a concentration of 0.5 ppm, which is an 
amount in excess of that usually employed in municipal practice, did 
not inactivate the virus of poliomyelitis in 1 hours. 
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Plate 1. 

A section through rabbit No. 7 myocardium, approximately midway between 
the apex and the auricular junction. Loss power magnification. 

Tlie chief objective differences between these graphs were defined 
by describing the deviations in the abnormal electrocardiogram of 
rabbit No. 7. The presence of the O, of 2.S nun, t lie depressed 
RS-l t of 1.7 mm, the inverted Ti of 1.7 mm, the elevated 
RS-Tj of 1.4 mm were probable deviations from the normals, but 
the T : and T- in the standard leads were upright and not definitely 
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rabbit No. 7. The control animal exhibited only slight variations in 
the contours of its electrocardiograms during 4 months of observa- 
tion. Significant variations in the standard leads (I, II, III) and 
of the exploring right and left chest leads paired with the indifferent 
left leg electrode were observed in rabbit No. 7 as compared with the 
control observations. 



CONTROL NO- 7 


Fig. 1. 

TV f normal (control) and the abnormal rabbit electrocardiograms 

, TohhR No 7) taken in all leads at normal sensitivity and adapted to the new 
terminology for the exploratory leads. 
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Plate 1. 

A section through rabbit No. 7 myocardium, approximately midway between 
die apex and the auricular junctir n. Low power magnification. 

The chief objective differences between these graphs were defined 
)y describing the deviations in the abnormal electrocardiogram of 
"abbit No. 7. The presence of the Oi of 2.8 mnt, the depressed 
RS-T, of 1.7 mm, the inverted Ti of 1.7 mm. the elevated 
iS- 1 a of 1.4 mm were probable deviations from the normals, but 
he Ij and T a in the standard leads were upright and not definitely 
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rabbit No. 7. The control animal exhibited only slight variations in 
the contours of its electrocardiograms during 4 months of observa- 
tion. Significant variations in the standard leads (I, II, III) and 
of the exploring right and left chest leads paired with the indifferent 
left leg electrode were observed in rabbit No. 7 as compared with the 
control observations. 



CONTROL NO- 7 


PjQ ^ 

, jifs: t) 

terminology for the exploratory leads. 
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Microscopic sections through different levels of the myocardium 
of a normal rabbit showed the muscle bundles sharply outlined and 
the nuclei well stained. No evidence of degeneration or inflamma- 
tion was present. Sections through the myocardium of rabbit No. 
7 showed (Plates 1 and 2) areas of necrosis everywhere, chiefly 
affecting the muscle and largely involving the right ventricle and 
interventricular septum. In the left ventricle the areas of necrosis 
were chiefly beneath the endocardium. The papillary muscles were 
prominently affected. Slight periarterial infiltration was present and 
areas of necrosis were seen in both the auricular walls. The antero- 
lateral ventricular epicardium showed a hyaline fat necrosis. The 
pathological diagnosis was degeneration and necrosis of the myo- 
cardium. 

Summary. The incidence of non-induced cardiopathic disease 
among laboratory animals may greatly alter the prognosis, course 
and reaction to given control or experimental conditions. Disease 
of the myocardium as confirmed by pathologic studies may greatly 
alter the electrocardiogram in the rabbit. The changes found sug- 
gesting a localized lesion of the ventricle by the electrocardiogram 
were not supported by pathologic studies. Since bacteriologic studies 
were not done, no conclusive evidence as to the etiology of the myo- 
carditis was suggested. 
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Variability of Action on Heart Rate Compared with Metabolic 
Effect of Various Thyroid Preparations. 

Arthur E. Meyer and H. Danow 

From the Research Laboratory of The Maltinc Company, Brooklyn, New Tori:. 


In our previous publication 1 we have shown that certain thyroid 
preparations fed to thyroidectomized rats exert a stimulating action 
on the heart rate which varied from one product to the other in its 
relation to the corresponding metabolic increase obtained. While 
in 2 U.S.P. thyroid preparations the cardiac effect prevailed, thy- 
roxine and thyroid globulin proved to be of low action on the heart 
if given at a dose to produce an equal metabolic response. It was 
show n furthermore, that alkaline hydrolysis of thyroid globulin 
l Me\cr, A. E., and Tost, M., Endocrinology, 1939, 3-1, SOG. 
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abnormal. The right chest exploring lead showed no evidence of a 
Q wave, but a markedly elevated RS-T segment, associated with an 
upright T wave. The left chest exploring lead showed a deep O 
wave and a markedly depressed RS-T segment associated with an in- 
verted T wave. These RS-T deviations are definitely abnormal. The 
voltages of the chief QRS deflections in all the leads appeared greater 
than those observed in normal rabbits. In general, the rate of 300 per 
minute was faster than the average of normal rabbits studied. 



Plate 2. 

Vhsnificatiou of Plate 1 seetion in the marked inset showing scattered areas 
of normal, necrobiotic, and necrotic tissue beneath the endocardium and of the 
papillary muscle. 
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Microscopic sections through different levels of the myocardium 
of a normal rabbit showed the muscle bundles sharply outlined and 
the nuclei well stained. No evidence of degeneration or inflamma- 
tion was present. Sections through the myocardium of rabbit No. 
7 showed (Plates 1 and 2) areas of necrosis everywhere, chiefly 
affecting the muscle and largely involving the right ventricle and 
interventricular septum. In the left ventricle the areas of necrosis 
were chiefly beneath the endocardium. The papillary muscles were 
prominently affected. Slight periarterial infiltration was present and 
areas of necrosis were seen in both the auricular walls. The antero- 
lateral ventricular epicardium showed a hyaline fat necrosis. The 
pathological diagnosis was degeneration and necrosis of the myo- 
cardium. 

Summary. The incidence of non-induced cardiopathic disease 
among laboratory animals may greatly alter the prognosis, course 
and reaction to given control or experimental conditions. Disease 
of the myocardium as confirmed by pathologic studies may greatly 
alter the electrocardiogram in the rabbit. The changes found sug- 
gesting a localized lesion of the ventricle by the electrocardiogram 
were not supported by pathologic studies. Since bacteriologic studies 
were not done, no conclusive evidence as to the etiology of the myo- 
carditis was suggested. 
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Variability of Action on Heart Rate Compared with Metabolic 
Effect of Various Thyroid Preparations. 

Arthur E. Meyer and H. Danow 

From the Research Laboratory of The Maltine Company, Brooklyn, Xeto Tori-. 


In our previous publication 1 we have shown that certain thyroid 
preparations fed to thyroidectomized rats exert a stimulating action 
on the heart rate which varied from one product to the other in its 
relation to the corresponding metabolic increase obtained. While 
in 2 U.S.P. thyroid preparations the cardiac effect prevailed, thy- 
roxine and thyroid globulin proved to be of low action on the heart 
if given at a dose to produce an equal metabolic response. It was 
shown furthermore, that alkaline hydrolysis of thyroid globulin 

i Meyer, A. E., and Yost, M., Endocrinology, 1039, 3-1, S00. 
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caused the formation of 2 split products, representing essentially 
die thyroxine and diiodotyrosine fractions, which differed widely 
in the degree of their metabolic potency, but which both showed a 
quite conspicuous action on the heart. It was concluded that hydro- 
lysis produced a heart stimulator from either the thyroid hormone 
itself or from some unspecific substance contained in the material 
subjected to hydrolyzing agents. The question whether or not the 
heart stimulation obtainable with U.S.P. thyroid was caused by a 
substance contained originally in the gland, or to some split product 
formed by post-mortem changes could not be decided upon. 

In continuation of this work we compared a number of other 
thyroid preparations, either dried gland powders of different com- 
mercial provenience or extracts prepared from thyroid, with respect 
to metabolic effect and action on heart rate, using the same technic 
as described before,* which consisted in feeding the medication 
(calculated iti gamma per 10 g body weight) for 3 days and de- 
termining the metabolic and heart effect on the fifth day. 

Samples of dried whole thyroid ( U.S.P. ) used in our previous 
work gave the standard metabolic response of 30% increase at a 
dosage of 310 to 320 y, corresponding to 0.62 to 0.64 -/ of iodine. 
In the following experiments the dosage producing 30% metabolic 


table i. 


Product tested 


Actual 
iodine 
content of 
undiluted 
product, 
% 


Quantity of 
material 
after 

dilution to 

0.2% I Quantity of 
content, thyroxine 
producing contained in 
27-3“% quantity 
metabolic given in 
stimulation, column 3 
Y Y 


Avg heart 
stimulation 
obtained 
at about 
30% inc. of 
metabolism. 
Before After Inci. 


d,l-thyroxine as Na salt 
Thyroid Globulin 

65.0 

i\ r o. 133 

.363 

134 

.78 

136 

.72 

141 

.44 

143 

.76 

U.S.P. A. 


W-l 

.465 

U.S.P. W-2 

O 

W-3 

.63 

U.S.P. C. 

.23 

U.S.P. L. 

.2 

Thyroid Ext. P. 

.3 

Commercial Thyroid Protein 

.94 


244 

.75 

190 - 

■ 220 = 

30 

260 

.23 

180 - 

210 = 

30 

293 

.23 

190 - 

220 — 

36 

310 

•io 

18S - 

‘-36 = 

48 

275 

227 

190 - 

227 — 

37 

289 

.26 

190 - 

O JO __ - 

22 

320 

.30 

185 - 

340 = 

155 

309 

.25 

190 - 

365 = 

175 

240 

.19 

192 - 

310 — 

US 

236 

.20 

195 - 

284 = 

89 

320 

.26 

192 - 

275 s= 

S3 

320 



190 - 

273 = 

83 

300 



190 - 

275 — 

85 

44G 

.3 

195 - 

260 = 

65 


■2 Jfeyer, A. E., and Wertz, A., Endocrinology, 1939, 34, 683. 
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response was determined in every instance and the effect on the 
heart rate obtained simultaneously was noted. 

Since not all these preparations were U.S.P. and some had a 
higher iodine content, the products were diluted with milk-sugar to 
contain 0.2% iodine in order to obtain comparable figures. 

The table giving the averages, obtained on 6-12 rats in each 
case, shows that the metabolic effect in a large percentage of prepara- 
tions is proportionate to the iodine content, the standard dose being 
about 300 y, but that deviations even in U.S.P. thyroid do occur, as 
shown in sample W-2 and W-3. The effect on the heart was not in 
proportion with the metabolic efficiency, confirming our previous 
findings that both effects are to some extent independent. 

The commercial thyroid protein, claimed to be “detoxified,” gave 
a relatively low heart stimulation but a 50% higher dosage was 
required for the standard metabolic effect. The thyroxine content 
of the products was determined by the Leland-Foster method. 3 
From the data presented in the table the ratio between thyroxine 
and metabolic effect seems to be slightly more variable than that 
between iodine and that action, the quantity in the dosage varying 
from 0.19 to 0.3 y. 

Incidentally, iodized protein and peptone supplied by Dr. W. T. 
Salter, Thorndike Memorial Laboratory, Boston, gave proportion- 
ate metabolic responses in agreement with clinical tests but induced 
practically no heart acceleration. 1- 5 

The observation mentioned above that hydrolysis of the thyroid 
globulin produces split products of strong action on the heart was 
met with the criticism that this effect might be due to some un- 
specific product of decomposition obtainable by hydrolysis from any 
animal tissue and perhaps present in the commercial product of high 
effect on the heart as a consequence of autolytic changes in the struc- 
tural elements of the gland tissue occurring before the drying 
process was completed. 

To answer the question beef muscle was minced and subjected to 
hydrolysis. The water-insoluble part was extracted with alcohol 
and both aqueous and alcoholic extract combined and evaporated. 
The extract did not show any sign of metabolic effect when tested 
on rats nor did it affect the heart rate. It was admixed to a standard- 
ized thyroid globulin that at S5 y dosage per 10 g given 
for 3 days produced a metabolic increment of 30% and heart rate 
increase of about 25 beats per minute. The figures obtained by the 

3 Leiand, J. P„ ami Foster, G. L., J. Biol. Client., 1332, 05, li>3. 

1 Lirmaii, J., and Halter. W. T., Paoc. Soc. Exr. Biol, and Med., 1Q3S, :i8, 34. 

3 Salter, W. T., and Lerman, J., Trims. Am. P/ij/a., 103S, 5B, 202. 
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caused the formation of 2 split products, representing essentially 
the thyroxine and diiodotyrosine fractions, which differed widely 
in the degree of their metabolic potency, but which both showed a 
quite conspicuous action on the heart. It was concluded that hydro- 
lysis produced a heart stimulator from either the thyroid hormone 
itself or from some unspecific substance contained in the material 
subjected to hydrolyzing agents. The question whether or not the 
heart stimulation obtainable with U.S.P. thyroid was caused by a 
substance contained originally in the gland, or to some split product 
formed by post-mortem changes could not be decided upon. 

In continuation of this work we compared a number of other 
thyroid preparations, either dried gland powders of different com- 
mercial provenience or extracts prepared from thyroid, with respect 
to metabolic effect and action on heart rate, using the same technic 
as described before," which consisted in feeding the medication 
(calculated in gamma per 10 g body weight) for 3 days and de- 
termining the metabolic and heart effect on the fifth day. 

Samples of dried whole thyroid (U.S.P.) used in our previous 
work gave the standard metabolic response of 30 % increase at a 
dosage of 310 to 320 y, corresponding to 0.62 to 0.64 y of iodine. 
In the following experiments the dosage producing 30 % metabolic 


TABLE I. 


Product tested 

d,MUyroxine as Na salt 
Thyroid Globulin 
No. 123 
13-1 
136 
111 
143 
U.S.P. A. 

W-l 
U.S.P. AV-2 
W-3 

U.S.P. c. 

U.S.P. L. 

Thyroid Ext. P. 

Commercial Thyroid Protein 


Quantity of 
material 
after 

dilution to 



0.2% I Quantity of 

Avg heart 

Actual 

content, thyroxine 

stimulation 

iodine 

producing contained in 

obtained 

content of 

27-32% quantity 

at about 

undiluted 

metabolic given in 

30% inc.of 

product, 

stimulation, column 3 

metabolism, 

% 

? V 

Before After Iucr. 

G3.0 

244 .73 

190 - 220 = 30 


.365 

.78 

.72 

.44 

,7G 

o 

.465 

o 

.63 

.23 

o 

3 

.94 


260 

293 

310 

275 

289 

320 

309 

240 

236 

320 

320 

300 

446 


.23 

.23 

.22 

.27 

.26 

.30 

,25 

.19 

.20 

.20 


180 
190 
188 
190 
190 
185 
190 
192 
195 
192 
190 ■ 
190 ■ 
195 • 


210 

226 

236 

227 

212 

340 

365 

310 

"84 

275 

273 

275 

260 


30 

36 
48 

37 
22 

155 

175 

11S 

89 

83 

83 

85 

65 


•* Moyer, A, E., and Wertz. A., Endocrinology, 1939, 34, 683. 
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Results. Initial body weights of the control (45.7 ± 2.3 g) and 
test groups (45.2 ± 1.6 g) showed no significant difference (0.5 
± 2.8 g). The observed difference of 19.7 ± 4.7 g between the 
final body weights of the test (193.8 ± 3.8 g) and control (174.1 
± 3.0 g) animals in favor of the treated group, however, was 
probably significant. Likewise, the difference in final body length 
of 12.0 ± 3.6 mm in favor of the treated group (203 dr 2.8 mm) 
as compared to the controls (191 dr 2.7 mm) was also probably 
significant. 

The significant increase in body weight and length of animals 
treated with small doses of testosterone propionate stands in contrast 
to the growth-inhibiting influence of large doses of this same 
hormone. 2 A statement concerning the effect on length is included 
although initial body lengths were not taken. This was deemed 
permissible since the test and control animals had originally shown 
no significant difference in body weight. Body lengths, which are 
normally so highly correlated with body weights 3 may therefore be 
assumed to have been approximately similar before treatment was 
begun. The gain in body weight of approximately 11% may not 
appear very large but when one recalls that growth curves of animals 
treated with substances lacking growth-stimulating properties re- 
main essentially parallel 4 and the difficulties encountered in trying 
to stimulate growth during the early age period of the albino rat, 5 
any gain must be considered seriously. 

Conclusions. Testosterone propionate administered intraperi- 
toneally to male albino rats in doses of 0.05 mg daily (except 
Sunday) from 26 to 80 days of age led to a probably significant in- 
crease in body weight and length. This growth-stimulating effect 
of small doses of testosterone propionate stands in contrast to the 
growth-depressing effect of large doses of the same hormone. 

2 Rubinstein, II. S., Kurlaud, A. A., and Goodwin, AI., Endocrinology, 1939, 
25, 724. 

3 Donaldson, H. H., The Eat, Memoirs of the Wistar Institute of Anatomy 
and Biology, Philadelphia, 1924. 

4 Rubinstein, II. S., J. Comp. .Year., 193G, 04, 3. 

3 Rubinstein, H. S., Bull. Sell, of Med., University of Maryland, 1933, 17, 1G3. 
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use of the mixture were absolutely identical. The conclusion, there- 
fore, is justified tiiat the heart stimulator is not a split product ob- 
tainable by hydrolysis from this type of animal tissue. 

Conclusions. The iodine content in thyroid preparations seems to 
be an approximate guide for the estimation of metabolic effect; 
however relatively large deviations do occur in some products. The 
effect on tire heart is not related to the metabolic action. The thy- 
roxine content has still less demonstrable proportionality to either 
physiologic effect. While hydrolysis of thyroid globulin increases 
its heart action hydrolysate from muscle tissue is inert in that 
respect. 
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Growth-Stimulating Effect of Testosterone Propionate.* 

H. S. Rubinstein and M. L. Solomon. 

From the Research Laboratory, Surgical Division, Sinai Hospital, Baltimore, Aid. 


For this purpose 24 male albino rats of Wistar Institute strain 
were used. Of these 12 animals were treated (test group) and 12 
served as untreated controls. All animals were kept under similar 
conditions, Purina Dog Chow used as food, and water were con- 
stantly present. In addition, green vegetables were given twice weekly. 
The treated animals received daily (except Sunday) intraperitoneal 
injections of 0.05 mg testosterone propionate (Perandren) for 53 
days beginning at 26 days of age. Control animals remained 
uninjected. 

Weights were taken at 26 days of age and weekly thereafter. 
Twenty-four hours after the last injection, i.e. at 80 days of age, 
all animals were anesthetized with ether, their carotid vessels were 
cut and exitus was allowed to result from bleeding. Body lengths 
measured from the tip of the snout to the anus were then determined. 

All data were treated statistically 1 and observed differences 
between test and control groups were considered as being probably 
significant only if the “significance ratio’’ was 3 or more. 

* The" - authors gratefully acknowledge the aid of the Ciba Pharmaceutical 
Products Company, Inc., for partially defraying the expenses of this study and 
for furnishing the testosterone propionate (Perandren) used. 

l p ea rl R., Medical Biometry and Statistics, second edition, Saunders, Phila- 
delphia, 1930. 
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injected under pressure into the quarter and allowed to remain until 
the next milking. Within one hour after the injection, the treated 
quarter became distended and the rectal temperature began to in- 
crease, reaching 41° C at the 5th or 6th hour. The temperature 
returned to nearly normal in about 3 hours thereafter, and the 
acute swelling had about subsided at the next milking. 

Repeated treatments of the 2 animals mentioned above failed to 
eliminate permanently the streptococci from the infected quarters. 
This may be explained in part by the inadequacy of the method of 
administration of the bactericidal substance and also by the fact that 
these 2 animals were well advanced in their lactation periods and that 
the infected quarters were severely indurated. 

Three cows less advanced in the lactation period were selected for 
the following tests. Nine infected quarters were treated, one of 
which had been inoculated artificially and allowed to carry an infec- 
tion for 17 days before treatment. Repeated treatments failed to 
eliminate the streptococci from 2 quarters. Five treatments were 
required to sterilize one of the quarters which was moderately in- 
durated. These repeated treatments stimulated the production of 
fibrosis and resulted in a decrease in milk-secretion. The streptococci 
disappeared from the other 6 quarters (in 5 cases after a single 
treatment) without an appreciable decrease in milk production. The 
fact that streptococci had been eliminated was established by daily 
bacteriological examination of the milk over periods ranging from 
15 to 81 days. 

Before the effectiveness of gramicidin in the control of bovine 
mastitis can be determined, a larger number of animals must be 
treated and observed over a longer period of time. The influence 
of fibrosis, the state of the lactation, the competency of the closing 
mechanism of the teat, and other factors will have to be considered. 
While the streptococci were not eliminated from all of the treated 
quarters, they were markedly decreased after each treatment, and the 
findings thus confirm the results obtained in mice, namely, that 
gramicidin, when injected directly into an infected focus, exhibits 
a definite bactericidal effect against streptococci. 
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Action of Gramicidin on Streptococci of Bovine Mastitis. 

R. B. Little, R. J. Dudos, and R. D. Hotchkiss 

£ tom the Oepartnunt of Animal and Plant Pathology and the Department of tl e 
Hospital, Tilt llocki ft 11, r Institute for Medical Iltstarch, Princeton, .V. J., and 

Xau Tori, X. T. 

Gramicidin — an alcohol-soluble, water-insoluble substance iso- 
lated from cultures of a sporulating bacillus — has been shown to exert 
a marked bactericidal effect against gram-positive microorganisms, 
both in vitro and in vivo, ft has been found for instance that 0.002 
mg of this substance injected intraabdominaliy into white mice, 
exerts a therapeutic action against experimental peritonitis caused 
by pneumococci and streptococci ; gramicidin, however, has proved 
almost completely ineffective when administered by the intravenous, 
intramuscular, or subcutaneous route. 1 ' 3 

It is known that in the chronic form of bovine mastitis caused by 
Streptococcus agalactia (Lancefield group B), the infection is con- 
fined to the infected quarter of the udder and rarely results in a 
demonstrable systemic disturbance. It appeared of interest, there- 
fore, to determine whether gramicidin, when injected into the 
infected quarter, would destroy the streptococci causing the mastitis. 

A number of cases of chronic mastitis were selected for study and 
it was established by daily bacteriological examination of the milk 
that the numbers of streptococci remained high (over 100,000 per 
cc of milk) during a period of several weeks prior to treatment. 

The toxic reactions which result from the injection of gramicidin 
into the bovine udder and a convenient method of administration of 
the substance, were determined on 2 cows suffering from chronic 
mastitis. These animals received repeated treatments with increas- 
ing amounts of gramicidin diluted in Ringer’s solution, winch proved 
very irritating, and later in distilled water, which was more satis- 
factory. The following technic was finally adopted for the treat- 
ment of each individual quarter. Gramicidin in amounts of 60 to 
240 mg was diluted in 1000 cc of double distilled sterile water at 
40° C. Following the morning milking, the residual milk in the 
cistern and in the teat was flushed out with 100 to 200 cc of a dilute 
solution of gramicidin; 800 to 900 cc of the preparation were then 

l Duboa, It. J., ‘t ■ tiled , 1939, ,0, 11 

■i Qubos, It. J , and Cjttnneo, C , ,/ Hxp Med, 1939, 70, 249 

3 Hotchkiss, K D., and Dubos, R J , J Biol Chan , 1910, 182, 791 
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injected under pressure into the quarter and allowed to remain until 
the next milking. Within one hour after the injection, the treated 
quarter became distended and the rectal temperature began to in- 
crease, reaching 41° C at the 5th or 6th hour. The temperature 
returned to nearly normal in about 3 hours thereafter, and the 
acute swelling had about subsided at the next milking. 

Repeated treatments of the 2 animals mentioned above failed to 
eliminate permanently the streptococci from the infected quarters. 
This may be explained in part by the inadequacy of the method of 
administration of the bactericidal substance and also by the fact that 
these 2 animals were well advanced in their lactation periods and that 
the infected quarters were severely indurated. 

Three cows less advanced in the lactation period were selected for 
the following tests. Nine infected quarters were treated, one of 
which had been inoculated artificially and allowed to carry an infec- 
tion for 17 days before treatment. Repeated treatments failed to 
eliminate the streptococci from 2 quarters. Five treatments were 
required to sterilize one of the quarters which was moderately in- 
durated. These repeated treatments stimulated the production of 
fibrosis and resulted in a decrease in milk-secretion. The streptococci 
disappeared from the other 6 quarters (in 5 cases after a single 
treatment ) without an appreciable decrease in milk production. The 
fact that streptococci had been eliminated was established by daily 
bacteriological examination of the milk over periods ranging from 
15 to 81 days. 

Before the effectiveness of gramicidin in the control of bovine 
mastitis can be determined, a larger number of animals must be 
treated and observed over a longer period of time. The influence 
of fibrosis, the state of the lactation, the competency of the closing 
mechanism of the teat, and other factors will have to be considered. 
While the streptococci were not eliminated from all of the treated 
quarters, they were markedly decreased after each treatment, and the 
findings thus confirm the results obtained in mice, namely, that 
gramicidin, when injected directly into an infected focus, exhibits 
a definite bactericidal effect against streptococci. 
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^ Comparison of Interstitial Cell-Stimulating, Ovarian-Stimu- 
lating, and Inhibiting Actions of Pituitary Glands of 
Different Species. 

Eleanor West and II. L. Fevold. 

From the Biological Laboratories, Harvard University. 


Ihere is very little data concerning the luteinizing hormone 
content of various kinds of pituitaries which are used in experi- 
mental work. It has not been accurately established in what amounts 
the gonad-stimulating hormones exist in the pituitaries of different 
species of animals. Recently a method of assay has been described 
which permits the accurate determination of the LH present in 
pituitary tissue in the presence of the other gonadotropic factor 
FSH . 1 In most assay methods the FSH acts synergistically with 
LH, and thus confuses the results. 

Likewise, there are no data available regarding the capacity of 
pituitary glands from different species to inhibit the action of FSH 
in producing follicular development in the ovaries of immature rats. 
It lias been variously reported (a) that this factor is separate and 
distinct from the follicle-stimulating and the luteinizing hormone ®* 3 
and (b) that it is the luteinizing hormone which produces this effect 
under the proper conditions . J * 3 

This paper reports the quantitative assay of the LH content and 
also the inhibiting action of the pituitary glands of sheep, hog, and 
beef. The potencies of these pituitary tissues in stimulating ovarian 
development in the immature female rat are also recorded to give 
a comparative idea of the FSH potency. 

Methods of Assay. The increase in the weight of the seminal 
vesicles of immature male rats has been used as a measure of the 
luteinizing hormone, since it has been shown -that the LH stimulates 
the production of male hormone in the male rat." It was also shown 
that FSH augments the action of LH in the production of male 
hormone," so that in its presence the results were not a true measure 

iFevold, H. L., J. Biol. Chcm., 1939, 128, 83. 

'-Evans, H. II., Korpi, K., Peucliarz, It. I., and Simpson, it. E., Univ. Calif., 
Pub. Anat., 1930, 1, 237. 

aBunde, C. A., and Hellbaum, A. A., Am. J. Physiol., 1939, 125, 290. 

4 Jensen, II., Simpson, M. E., Tolksdorf, S., and Evans, H. II., Endocrinology, 

1939, 23, 57. 

5 Fevold, H. L., and Fiske, V. M., Endocrinology, 1939, 24, 823. 

ts Greep, R. O., Fevold, H. L., and Hisaw, F. L., Anat. Pec., 1930, 65, 261. 
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Fl G u A E I 


Response of the seminal vesicles of 
immature male bats to a constant amount 

OF LH INJECTED FCR VACTOUS LENGTHS OF TIME 



Length df Tre atment 
DAYS 


of the LH. However, if the pituitary material is injected intraperi- 
toneally, FSH is no longer effective, while LH is as active as when 
injected subcutaneously. It is thus possible to negate the augment- 
ing action of FSH, and the LH activity can be accurately determined. 

The pituitary extract was injected intraperitoneally twice daily, 
morning and evening, in 0.25 cc doses into immature male rats (21 
days old) for 4 days, since it was found that injections of a constant 
amount of LH given for this length of time resulted in the maximum 
response of the seminal vesicles. (Fig. I.) 

A unit of LH is taken as the smallest amount of pituitary tissue 
necessary to produce a 100% increase in the weight of the seminal 
vesicles of the injected animals over those of the uninjected controls. 

The inhibiting potency of the pituitary glands was determined in 
the following manner. Enough FSH was given subcutaneously 
over a period of 4 days to immature female rats (21 days old) to 
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produce an increase of 300% in the weights of the ovaries. The 
pituitary preparations to be tested were injected simultaneously 
intraperitoneally and an inhibiting unit was taken as that amount 
of pituitary material which would reduce the response to 150%. 

The ovarian-stimulating potency was determined by injecting the 
preparations twice daily for 4 days into immature female rats (21 
days old) and weighing the ovaries the morning of the fifth day. 
At the time of autopsy the ovaries were also observed to determine 
if they were primarily follicular or luteinized. 

Preparation of Materials to be Tested. Acetone-desiccated 
pituitary powders or fresh pituitary tissue were extracted with an 
alkaline solvent at pH S.O, and the extractives precipitated with 
acetone. The precipitate was thoroughly extracted with distilled 
water to remove the gonadotropic hormones, leaving as a residue 
the material rendered insoluble by the acetone precipitation, 
apparently because of denaturization. The aqueous extracts 
were then dried and stored as powders. This water-soluble 
material was always precipitated with tannic acid before in- 
jections, and injected as fine aqueous emulsions. In this manner the 
absorption rate should be as nearly equal from preparation to 
preparation, irrespective of the impurities, thereby avoiding one 
source of error. 

Results. Table I presents the results of the assay of pituitaries of 
different species for the luteinizing hormone. It is at once apparent 
that sheep pituitary glands are the best source of LH and that beef 
pituitary glands contain the least. With the hog pituitary materials 
the results vary considerably, but in all cases the LH content is lower 
than in those of sheep. In 2 of the hog preparations very small 
amounts of LH were present, as indicated not only by the inability 
of these 2 preparations to stimulate male hormone secretion but also 
by the fact that the ovarian development, produced by these 


table l. 

Interstitial Cell-Stimulating, Ovarian-Stimulating, aiul Iuhibiting-Aetions of 
Pituitary Tissue of Slicep, Hog and Beef. 




Ovarian 

Inhibiting 

Ratios 

Preparation 

LH content, 
Ru/Kg 

Ru/Kg 

•it, tiu ii i 

Ru/Kg 

LH/ov. 

Lh/inhib. 

Sheep pit. powder 

Fresh sheep pit. 

,, >1 >' 

Itog pit. powder 
Fresh hog pit. 

,, M ” 

’ ’ beef ’ ’ 

,i >> ” 

1-13,000 

20.000 

30.000 
2,000 
1,000 

5.000 

1.000 
2,000 

10.000 

20.000 
10,000 
12,500 
20,000 
15,000 

025 

000 

120,000 

20,000 

10,000 

9.0 

1.0 

3.0 
0.10 
0.08 
0.33 

2.0 

1.0 

0.25 

0.25 

0.2 
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preparations, was mainly follicular, with very little luteinization. 
The third hog preparation contained considerable amounts of LH. 
It is possible that this variation may be due to a difference in the 
physiological state of the animals being slaughtered at the time the 
various batches of pituitary glands were being collected, for it is 
well known that the pituitary glands of castrated animals contain 
less LH than do those of normal individuals. 

The inhibiting action of sheep, hog and beef parallel their LH 
content, and the ratio of LH units to inhibiting units was a constant. 
This would lend support to the belief that the inhibiting property of 
pituitary extracts may be due to the luteinizing hormone. 4 ’ 5 

Hog and sheep pituitary glands are approximately equally active 
in producing ovarian enlargement. This does not mean, however, 
that hog and sheep glands are equal in FSH potency, but rather that 
those of the hog have more FSH than those of sheep. This is indi- 
cated because there is more LH present in sheep pituitary prepara- 
tions than in those of hogs. Ovarian development produced by 
unfractionated extracts is due to the interaction of FSH and LH. 
Consequently more FSH must be present in hog pituitary glands 
with the relative small amount of LH in order to produce the same 
ovarian enlargement as is produced with sheep preparations, which 
are rich in LH. The ovaries produced with sheep preparations were 
always heavily luteinized while those elicited by the injection of 
hog substance were mainly follicular. 

Beef pituitary glands produce very little ovarian development and 
are therefore a poor source of FSH as well as LH. 

Summary. (1) It was found that sheep pituitary glands contain 
the greatest amount of LH, while those from cattle had very little. 
Hog pituitary glands showed great variation with respect to LH 
content but in all cases contained much less than sheep glands. (2) 
The inhibiting action of the pituitary preparations paralleled their 
LH content. (3) Hog and sheep pituitary glands are approxi- 
mately equal in producing ovarian hypertrophy. Hog preparations 
produced mainly follicular development while those of sheep caused 
the development of heavily luteinized ovaries. Hog glands, there- 
fore, contain more FSH than those of sheep. Beef pituitary glands 
are a very poor source of FSH. (4) The FSH and LH content of 
different lots of pituitary glands of the same species varies within 
wide limits. Nevertheless, those of each species show definite 
characteristics, with respect to their FSH and LH content. 
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Effect of Three Synthetic Steroid Compounds upon Weight and 
Work Performance of Adrenalectomized Rats.* 

Dwight J. Ingle. (Introduced by F. D. W. Lukens.) 

Peonx the George S. Cox J1 [cdical Research Institute , University of Pennsylvania , 

Philadelphia. 


The compound 11-desoxy-corticosterone acetate is the most active 
of the known steroid compounds in respect to its property of main- 
taining life of adrenalectomized animals. This compound (sub- 
stance A) may be characterized as pregnene (4:5)-ol(21 )-dione 
(3,20) acetate; its immediate precursor in the laboratory synthesis 
is (substance B) pregnene (5:6) diol (3,21) one (20) 21-mono-ace- 
tate; a third compound, (substance C) pregnene (4:5) triol (17,20, 
21) one (3), was synthesized by Serini and Logemann. 1 In sub- 
stance C the stereochemical arrangement at carbon 17 is opposite to 
that of those steroids occurring in the adrenal cortex which also 
have a hydroxy group at carbon 17. In these studies substance B 
was found to possess definite biologic activity altnough to a much 
less extent than substance A, and substance C appeared to be inactive 
in the doses tested. 

Male rats of the Sprague Dawley strain which weighed approxi- 
mately 180 g were used in these experiments. The diet was Purina 
Dog Chow. Bilateral adrenalectomies were performed in one stage 
under ether anesthesia. The test substances were dissolved in 
sesame oil and administered by subcutaneous injection twice daily. 
The amount of sesame oil injected was kept constant at 1 cc per day 
for each rat. Ten animals were maintained for 7 days without 
treatment. Eighty-one rats were treated for 7 days. On the 7th 
day each animal was weighed and then subjected to the work test. 
The animals were anesthetized with phenobarbital sodium. The left 
gastrocnemius muscle was weighted with 100 g and stimulated to 
contract 3 times per second. Each animal received 5 cc of water 
twice daily by subcutaneous injection for as long as the animal con- 
tinued to work. In all of the experiments stimulation was continued 

* I wish to express my appreciation to Dr. E. Sclnvenk, Schering Corporation, 
Bloomfield, N. J., for the samples of substance A and substance B; and to Dr. 

Jt. D. Slianer, The Organon Co., Nutley, N. J., for the sample of substance C. 

l Serini, A., and Logemann, W., Bericlite Her Deutschen Chrm. GeseUschaft, 

1933 , 71 , 1302 . 
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until the muscle ceased to respond. The details of the method have 
been described . 2 ’ 3 

Seven days following adrenalectomy the average body-weight of 

TABLE I. 


Substances 


Daily (lose 
mg 
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pregnene (4:5) 
ol (21) diona (3,20) 
acetate 

pregnene (3:6) 
diol (3,21) one (20) 
acetate 

X 

pregnene (4:5) 
triol (17,20,21) 
one (3) 

Wt, g 

Work 

Wt, g 

Work 

Wt,g 

Work 

0.01 
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1543 
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2251 
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1525 
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1221 





0.03 
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3243 

153 

551 
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1810 
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1292 
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1971 
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1209 
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3532 
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013 



0.0G 
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3743 

140 

dead 
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1929 
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1385 
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3283 
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882 
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1743 
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1410 



0.12 

204 

3050 

178 

2187 
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3984 
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1600 
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4152 
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2770 
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595G 
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2074 



0.25 

210 

5024 

183 

2203 
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4090 

182 

20 




183 

0095 
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2300 
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10024 
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2030 



0.50 
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3392 

200 

3910 
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10 
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2405 
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2234 
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857 


180 

3723 

202 

3083 
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830 


191 

0890 

209 

3090 

133 

1143 

1.00 

198 

3059 

180 

2580 

137 

403 


183 

0024 

203 

3404 

152 

1082 


190 

9022 

220 

3500 

153 

1107 


200 

10353 

207 

36S4 

173 

1673 

2.00 
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IS 194 

211 

3490 
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924 


197 

0043 
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2S12 
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1781 
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4291 
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021 
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11371 

1SS 

4490 
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5.00 

200 

12019 
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3490 
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11119 
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12S00 
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3933 
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4490 
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the 10 untreated rats was 1 50 g with a range of 134-163 ; the amounts 
of work performed averaged 1276 recorder revolutions with a range 
of 56-2390. Each recorder revolution is equivalent to approximately 
400 g-cm of work. The values for body-weight and for work of 
the treated animals are presented in Table I. 

As evidenced by the effect of these substances upon body-weight 
and upon work performance, the presence of a hydroxy group 
instead of a keto group on carbon 3 of the pregnene nucleus decreases 
but does not destroy these biologic effects of the compound. This 
compound was reported by Waterman and co-workers 1 to maintain 
tlie health of adrenalectomized dogs. The alteration of the molecule 
to the structure of substance C brought a still greater loss of activity 
so that substance C appeared to be biologically inactive in these 
tests. Earlier studies 3 ’ " have demonstrated that although the work 
performance of adrenalectomized rats treated with substance A is 
improved over that of untreated animals, it remains very small as 
compared to sham operated animals. Similar values for work 
performance of animals treated with substance A were obtained in 
this study. 
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Inhibition of Estrin-Deprivation Bleeding in Rhesus Monkey with 
Testosterone Derivatives Variously Administered.* 

A. R. Abarbanel. (Introduced by Carl G. Hartman.) 

From ilorrisania Hospital, Bronjc, Xcw York City. 


Testosterone and its acetic and propionic acid esters have been 
shown to inhibit uterine bleeding in the castrate macaque primed 
with estrogens.' In the present experiments a similar effect was 
attained with methyl-testosterone and ethinyl-testosterone (preg- 
neninolone) and with testosterone di-propionate administered in 

i Waterman, L., Danby, it., Gaarenstroom, J. H., Spanhoff, I?. W., and Uyldert, 
I. E., Acta Arc via Xccrlamlica, 1039, O, 75. 

Single, B. J., Endocrinology, 19-10, 20, 172. 

0 Ingle, D- J., Endocrinology, in press. 

* Tlie writer as wet 1 as the staff of the Carnegie Laboratory of Embryology 
whose hospitality tlie writer enjoyed, acknowledges with thanks the generosity of 
tlie Ciba Corporation for the generous supply of the testosterone compounds and 
to E. B. Squibb and Sons for keeping the laboratory supplied with Anmiotin. 

^Hartman, C. G., Proc. Soc. Exp. Biod. and Med., 1937, 37, S7. 
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sesame oil. Some success also followed the oral administration 
of testosterone propionate given with bile salts, and of methyl and 
ethinyl testosterone. These experiments were carried out in the 
rhesus colony of the Carnegie Laboratory of Embryology, Baltimore, 
Maryland, in the spring of 1939. 

1. Testosterone dipropionate. 5 mg daily injected into castrated 
monkey No. 584 for 16 days (June 12-27), after duly priming with 
estrogen (Amniotin-Squibb), inhibited bleeding and produced the 
usual 2 moderate proliferation of the endometrium, which measured 
up to 2.5 mm in thickness. The vaginal wall showed a fairly thick 
Dierks layer. 

2. Methyl Testosterone. A. Administered parenterally. Monkey 
No. 596, a castrate, bled April 12, 1939 after injections of stil- 
boestrol and was re-primed with the usual 100 R.U. of Amniotin for 
9 days (April 17-25). From April 25 to May 20 inch, 5 mg of 
methyl testosterone in sesame oil were injected subcutaneously daily 
except Sunday; the animal was sacrificed on May 22. The prolifera- 
tive action of the hormone was mild but bleeding was successfully 
inhibited. 

B. Hormone pellets placed subcutaneously. In castrated monkey 
No. 584, after due priming with estrogen, eight 3 mg pellets of 
methyl testosterone were implanted subcutaneously at the end of the 
injections, April 22, 1939; 5 additional pellets on April 29. No 
bleeding had occurred by May 12 when biopsies were made. Results 
as in preceding. 

C. Hormone administered orally. Beginning on the eighteenth 
day of a non-ovulatory cycle, 10 mg of methyl testosterone were fed 
to intact monkey No. 628 to see if the hormone might extend the 
cycle beyond the maximum of 31 days characteristic of this animal. 
Feeding was continued through day 46 of the cycle and no bleeding 
had occurred by day 52, when endometrial biopsies were taken. While 
bleeding was absent, the endometrium showed almost no proliferative 
activity, not a single mitotic figure being seen. The organ might 
almost be called atrophic. 

3. Ethinyl Testosterone ( pregneninolone, an hydro- oxy -pro ges- 
terone). A. Administered parenterally. Monkey No. 613, a castrate, 
was primed from May 16-23, 1939, with 100 R.U. of estrogen 
(Amniotin) daily. From May 24 to June 10 five mg of ethinyl 
testosterone in sesame oil were injected daily. No bleeding had 
occurred by June 16 when the animal was sacrificed. In some areas 
of the well proliferated endometrium hematomata were noted. 

- Hartman, C. G., E lulocnnolosy , 1940, 20, 449. 
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the 10 untreated rats was 1 50 g with a range of 234-163; the amounts 
of work performed averaged 1276 recorder revolutions with a range 
of 56-2399. Each recorder revolution is equivalent to approximately 
400 g-cm of work. The values for body-weight and for work of 
the treated animals are presented in Table I. 

As evidenced by the effect of these substances upon body-weight 
and upon work performance, the presence of a hydroxy group 
instead of a keto group on carbon 3 of the pregnene nucleus decreases 
but does not destroy these biologic effects of the compound. This 
compound was reported by Waterman and co-workers 1 to maintain 
the health of adrenalectomized dogs. The alteration of the molecule 
to the structure of substance C brought a still greater loss of activity 
so that substance C appeared to be biologically inactive in these 
tests. Earlier studies 3, u have demonstrated that although the work 
performance of adrenalectomized rats treated with substance A is 
improved over that of untreated animals, it remains verj> small as 
compared to sham operated animals. Similar values for work 
performance of animals treated with substance A were obtained in 
this study. 
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Inhibition of Estrin-Deprivation Bleeding in Rhesus Monkey with 
Testosterone Derivatives Variously Administered.* 

A. R. Abarbanel. (Introduced by CarJ G. Hartman.) 

From ilorrisania Hospital, Bronx, Hew York City. 


Testosterone and its acetic and propionic acid esters have been 
shown to inhibit uterine bleeding in the castrate macaque primed 
with estrogens. 1 In the present experiments a similar effect was 
attained with methyl-testosterone and ethinyl-testosterone (preg- 
neninolone) and with testosterone di-propionate administered in 

i Waterman, L., Dauby, At., Gay roast room, J. H., Spanhoff, B. W., and Uyldert, 
I. E. Acta Brcvia Hcerlandica, 1939, O, 75. 

5 Ingle, D. J., Endocrinology, 1940, 20, 472. 

c, Ingle, D. J., Endocrinology, in press. 

* The writer as well as the staff of tbe Carnegie Laboratory of Embryology 
whose hospitality the writer enjoyed, acknowledges with thanks the generosity of 
the Ciba Corporation for the generous supply of the testosterone compounds and 
to E E Squibb and Sons for keeping the laboratory supplied with Amniotin. 

l Hartman, C. G., Pboc. Soc. Exp. Biol, and Med., 1937, 37, 87. 
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Deacylation of N 4 -n-Acylsulfanilamides and N 4 -n-Acyl- 
sulfanilylhydroxamides in vitro * 

Mathias F. F. Kohl and Laura M. Flynn. 
(Introduced by P. A. Shaffer.) 

From the Departments of Biochemistry and Pharmacology, School of Medicine, 
Washington University, St. Louis, Mo. 


The acyl derivatives of sulfanilamide are of interest because 
sulfanilamide is in part acetylated in the animal body before excre- 
tion, 1 the acetylated form having only slight therapeutic activity. 
Higher acyl derivatives have nevertheless been shown to possess 
therapeutic activity comparable to sulfanilamide. Miller, Rock and 
Moore 2 synthesized a series of N 1 -n-acylsulfanilamides, the thera- 
peutic activity of which appears to increase with the length of the 
acyl group, up to 6 carbons, beyond which it falls off rapidly. N 4 - 
n-acylsulfanilylhydroxamides are found to possess therapeutic ac- 
tivity 2 and high bacteriostatic value in vitro.* The water solubility 
of these compounds decreases with lengthening of the carbon chain. 

Aberhalden 5 ’ 0 and Bergman 2 ' 9 described a group of enzymes 
known as acylases which split acylated amino acids. More recently 
Michel, Bernheim and Bernheim 10 have described an acylase which 
splits acetanilid. This enzyme, which they believe identical with the 
earlier described acylase, is found in high concentrations in liver and 
kidney of dog, cat, rabbit, ox and mouse. 

We have studied the deacylation in vitro by rat liver of N 4 -n-acyl- 
sulfanilamides and the analogous N‘-n-acyIsulfanilylhydroxamides 
in which the NH--group of the sulfonamide is replaced by an 

* This investigation was aided by a grant to P. A. Shaffer from the Rockefeller 
Foundation. 

i Harris, J. S., and Klein, J. R., Proc. Soc. Exp. Biol, and Med., 193S, B8, 7S. 

-Miller, E., Rock, II. J., and Moore, M. L., J. Am. Chem. Soc., 1939, (IX. 119S. 

3 Cooper, F. B„ Gross, P., and Lewis, M„ Proc. Soc. Exp. Biol, and Med., 
1910, -IB, 491. 

4 Main. E. R., Shinn, L. E., and Mellon, It. R., Peoc. Soc. Exp. Biol, and Med., 
1940, -IB, 393. 

3 Aberhalden, E., and Ehrenwall, E„ Ferment forfeit., 1931, IB, 393, 370. 

a Aberhalden, E„ and Ileumann, J., Fcrmcntforsch., 1931, IB, 373. 

* Bergman, M., Zervas, L., and Fruton, J. S., J. Biol. Chem., 1933, 111, 333. 

s Bergman, M., Zerbas, L., and Ross, W. F„ J. Biol. Chem., 193.3, 111, 34.3. 

3 Bergman, M„ and Ross, W. F., J. Biol. Chem., 1933, 111, 039. 

10 Michel, II. O.. Bernheim, F., and Bernheim, M. L. C., ,/. Pharmacol. Exp. 
Thcrap., 1937, 01, 331. 
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Inhibition of Estkix-Depkivatjon Bleeding 


Apparently bleeding was imminent 6 days after the last injection of 
ethinyl testosterone. Estrogenic effects on uterus, cervix and vagina 
were marked. 

B. Hormone administered orally. Castrated female No. 626 was 
primed the usual way with estrogen. She was then given one 20 
mg tablet of ethinyl testosterone by mouth daily from May 24 to 
June 7. She began to bleed on the 15th day after the iast injection 
of estrogen. She was sacrificed while still bleeding; while bleeding 
was not prevented it was probably postponed a few days above the 
usual maximal interval of 10 days following moderate treatment 
with estrone (Amniotin). Judging from the state of the uterine, 
cervical and vaginal mucosa; the effect of ora! administration proved 
far less than that attained by one-fourth as large a dose administered 
subcutaneously. 

4. Testosterone Propionate given orally. Monkey No. 591 had 
her endometrium almost totally removed on Jan. IS and on Mar. 16 
she received 50 mg daily of testosterone propionate. A uterine 
biopsy was made on May 1 1. She was castrated on June 9, then fed 
daily for 19 days two 10 nig tablets of testosterone propionate and 
one 100 mg tablet of bile salts. The bleeding which usually follows 
castration within 10 days or less did not occur. On the other hand, 
the endometrium showed no signs whatsoever of proliferation, 
measuring but 1 mm in thickness. The condition of the vagina and 
the cervix, likewise, proved that a minimal quantity of the absorbed 
hormone reached the systemic circulation. 

Summary. 1. Testosterone di-propionate prevented estrin- 
privea bleeding in daily parenteral doses of 5 mg in sesame oil. 2. 
Methyl testosterone inhibited estrin-privea bleeding when admin- 
istered subcutaneously in the form of pellets or dissolved in sesame 
oil. Orally in daily doses of 10 mg, methyl testosterone prevented 
menstruation but otherwise failed to exert the slightest visible estro- 
genic effects. 3. Ethinyl testosterone prevented estrin-privea bleed- 
ing in the monkey when administered parenterally in doses of 5 mg a 
day. Given orally, it delayed slightly but did not prevent bleeding in 
daily doses of 20 mg, with no other estrogenic effects. 4. Testo- 
sterone propionate when administered orally in 20 mg doses along 
with bile salts, prevented estrin-privea bleeding, but otherwise its 
estrogenic effects proved minimal. 5. It is apparent that oral admin- 
istration of any of the testosterone derivatives here tested is most 
uneconomical as compared with parenteral methods. 
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TABLE I. 

Deacylation of Acylsulf anilamides t by Liver Suspension. 


% hydrolysis 


Substrate 

2 hr 

o hr 

8 nr 

Acetylsulfanilamide 

9.1 

■ I 


Butyrylsulfanilamide 




Yalerylsulfanilamide 




Caproylsulfanilamide 




Heptanoylsulfauilamide 

mmm 




TABLE II. 


Deacylation of Acylsulfanilylhydroxamidest by Liver Suspension. 



% hydrolysis 

Substrate 

2 hr 

4 hr (j.a hr 

Aeetylsulfanilylhydroxamide 

6.6 

8.1 

9.6 

Valerylsulfanilylhydroxamide 

11.5 

15.9 

22.7 

Caproylsulfauilylhydroxamide 

21.8 

28.8 

41.3 

Heptanoylsulfaniiylhydroxamide 

43.1 

62.9 

74.5 

TABLE III. 




Deaeylation of Other Compounds by Liver Suspension. 




% hydrolysis 

Substrate 


4 hr 

8 hr 

Acetylsulfanilamide* 

4 :4'-Aeetylaminodipheny)sulfone{ 


5.4 

9.4 


10.6 

15.0 

Aeetanilid 


58.0 

72.0 


t These acyl compounds were synthesized and presented to us through the 
courtesy of Sharp and Dolnne, Technical Division, Gleuolden, Penn. 

t These compounds were synthesized and presented to us through the courtesy 
of Monsanto Chemical Company, St. Louis, Mo. 

Le\vis J in their recent study of N'-n-acylsulfanilylhydroxamides 
found that mice given 50 mg oral doses of the valeryl, caproyl and 
heptanoyl compounds showed approximately 10 mg % of diazotiz- 
able material (calculated as sulfanilamide) in the blood 2 hours 
later. 

C onclusioiis. The ease of deacylation of N 4 -n-acylsu!fani!amides 
and N ‘-n-acylsul fanilylhydroxarnides in vitro by liver brei is found 
to increase with the length of the acv! group. 
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-NHOH group. On the hypothesis that a free N '-amino group is 
essential for activity it seemed important to learn the extent to which 
these therapeutically active acyl compounds are deacylated in the 
animal body. Since the analytical method available (determination of 
free and total sulfanilamide after hydrolysis) does not distinguish 
other acyl compounds from the acetyl compound appearing in urine, 
it seemed preferable to study the hydrolysis by tissue brei with which 
acetylation does not occur to confuse the results. 

Methods. Extracts of liver tissue made by grinding liver with 
Sami' and an equal volume of water were strained through cheese 
cloth. Weights of the acyl compounds equivalent to 1 mg of un- 
acylated compound were added to 20 cc of liver brei representing 
5 g of liver in M/20 PO< buffer (pH 7.5). Two drops of toluene 
were added as a preservative. The mixtures were shaken at 37.5°C. 
Aliquot samples were removed at intervals for analysis. Proteins 
were removed with 10% trichloracetic acid (or by alcohol) and 
filtrates analyzed for free and total sulfanilamide by Marshall’s 
method. Colorimetric determinations were made with an electro- 
photometer. Percentage of hydrolysis was calculated from the 
free amine found. 

Comparative Hydrolysis of Sulfanilamide Derivatives. We find 
that the ease and rate of hydrolysis of these acyl sulfanilamide deriv- 
atives by liver brei vary with the length of the C-chain in the fatty 
acid. Acetyl sulfanilamide is decomposed only slowly while long 
acyl groups arc broken off more easily. The ease of hydrolysis 
parallels the therapeutic activity of these compounds (reported front 
other laboratories'’ 3 ) which permits the view that the acyl deriva- 
tives become active after hydrolysis. 

Similar experiments were performed using as substrates acetanilid 
and 4 :4'-acetylamino diphenyl sulfone. Using the same samples of 
liver brei in tests with the three substrates, acetanilid consistently 
showed a percentage of hydrolysis higher than that of 4:4'-acetyl- 
amino diphenyl sulfone and acetylsulfanilamide. 

Tables I, II and III represent the results of typical experiments 
with N'-acyl sulfanilamides, N 4 -n-acylsulfanilylhydroxamides, 
acetanilid and 4 :4'-acetylamino diphenyl sulfone as substrates. 

hi vivo deacylation of acylated sulfanilamide derivatives has been 
shown by others from blood and urine analyses. Nitti, Bovet and 
Hamon 11 found that the formyl, acetyl, propionyl and butyryl deriv- 
atives of 4:4'-diamino diphenyl sulfone were rapidly hydrolyzed 
in the body to 4:4'-diamino diphenyl sulfone. Cooper, Gross and 
~ u Nitt i ( F., Bovet, D., and Hamon, Y., Compt. rend. -soc. biol, 193S, 128, 26. 
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TABLE I. 


Deacylatiou of Acylsulfanilamidesf by Liver Suspension. 


Substrate 

% 

2 hr 

hydrolysis 

— V 

o hr S ur 

Acetylsulfanilamide 

9.1 



Butyrylsulfunilainide 




Valerylsulfanilamide 




Caproylsulfanilamide 




Heptanoylsulfauilaiuide 





TABLE II. 

Deacylatiou of Acylsulfanilylhydroxamidest by Liver Suspension. 



Cl 

jO 

hydrolysis 

Substrate 

2 hr 

4 hr 0.3 hr 

Acetylsulfanilylhydroxamide 

(j.G 

8.1 9.G 

Valerylsulfanilylhvdroxamide 

11.5 

15.9 22.7 

Caproylsulfauilylhydroxamide 

21. S 

28.8 41.3 

Heptanoylsulfaniiylhydroxamide 

43.1 

02.9 74.5 

TABLE III. 



Deacylation of Other Compounds by Liver Suspension. 



% hydrolysis 

Substrate 


4 hr 8 hr 

Acetylsulfanilamide X 


5.4 9.4 

4:4'-Acetylaminodiplienylsulfonet 


10.0 15.0 

Acetanilid 


5S.0 72.0 


t These acyl compounds were synthesized and presented to us through the 
courtesy of Sharp and Dohuie, Technical Division, Glenolden, Penn. 

t These compounds were synthesized and presented to us through the courtesy 
of Monsanto Chemical Company, St, Louis, Mo. 

Lewis 0 in their recent study of N*-n-acylsulfanilylhydroxamides 
found that mice given 50 mg oral doses of the valeryl, caproyl and 
heptanoyl compounds showed approximately 10 mg % of diazotiz- 
able material (calculated as sulfanilamide) in the blood 2 hours 
later. 

Conclusions. The ease of deacylation of N*-n-acylsulfanilamides 
and iV-n-acylsulfanilylhydroxamides in z’ilro by liver brei is found 
to increase with the length of the acyl group. 
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Effect of Aminophyllin, Histaminase ,* and Nicotinic Acid on 
Histamine-Poisoned Puppy Bronchioles. y 

A. J. Gilbert and F. Goldman. (Introduced by M. Bodansky.) 

From the Departments of Pharmacology and Medici n c, U niversity of Texas School 
of Medicine, Galveston , Texas. 

To the large number of drugs recommended for the relief of 
bronchial asthma, there have been added in the past few years two 
new ones; aminophyllin (theophylline with ethylene diamine) and 
histaminase (torantil.) Although marked clinical relief has fol- 
lowed the intravenous injection of aminophyllin in patients with 
acute bronchial asthma 1 * 3 little experimental work has been done in 
regard to the mechanism of action of the drug. During the course 
of this investigation Young and Gilbert* stated that aminophyllin 
greatly lessens the constricting action of histamine in the smaller 
bronchi and bronchioles of rabbit lung sections. 

Histaminase, while less well established than aminophyllin in the 
treatment of bronchial asthma, is thought to inactivate any hista- 
mine implicated in acute attacks of asthma. 

Nicotinic acid has been observed to benefit a few patients at John 
Sealy Plospital during status asthmaticus 5 and was therefore included 
in this study. 

Method. Bronchioles were prepared for microscopic observation 
by the method of Sollmann and Gilbert. 0 Puppies were killed by the 
injection of air into the left ventricle. The lungs were removed and 
injected intratracheally with a warm solution of 10% gelatin in 
Ringer’s solution. They were then placed in iced Ringer’s solution 
for several hours to harden. Thin sections of lung were made 
free-hand with a razor, and mounted on a ring of cork in a Petri 
dish containing 50 cc of Ringer’s solution. The dish was placed 
on the warm stage of a microscope, and the solution was kept at a 
temperature of 38° C. The size of the bronchiolar lumen was re- 
corded by use of a camera lucida. 

* Histaminase was generously supplied by the Winthrop Company. 

t A preliminary report of this work was published in Bull. John Seal,/ Hospital 
and University of Texas Medical School, 19-10, 2, 55. 

l Herrmann, G. R., and Ayneswortli, M. B., J. Lai), and Clin. Med., 1937, 23, 135. 

- Efron, J. Allergy, 1936, 7, 249. 

3 Brown, G. T., J. Allergy, 1938, 10, 64. 

•i Young, R. H., and Gilbert, R. P., J. Am. Med. Assn., 1940, 114, 522. 

5 Creel W. F., personal communication. 

<i Sollmann, T., and Gilbert, A. J., J. PI, arm. and Exp. Tlierap., 1937, 61, 272. 
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The addition of 3 mg of histamine acid phosphate usually resulted 
in complete closure of the bronchiohr lumen. The preparation was 
observed for about 10 minutes in order to rule out spontaneous 
relaxation, and then the test drug was added. Nicotinic acid was 
used in the form of sodium nicotinate, since acid per se has a dilator 
action. 0 

Results. Typical results with aminophyllin, histaminase, and 
sodium nicotinate are recorded in Table I. 

TABLE I. 


Puppy 

JlSO* 

Area of normal 
Bronchiolar 
lumen, 
mm- 

Area after 
histamine 

“Dilator” drug 
applied 

Area after 
“dilator” 
drug 

%of 

normal area 

2 

.474 

.000 

Aminophyllin 1:2000 

.336 

75 

3 

.270 

.000 

” 1:1000 

.270 

100 

2 

.456 

* 

” 1:1000 

.558 

1°2 

5 

.048 

.000 

Histaminase 4 units 

.012 

23 

4 

.216 

.000 

” 4 units 

.000 

0 

4 

.072 

.000 

Sod. nicotinate 1:1400 

.000 

0 

5 

.021 

.000 

” 1:2100 

.000 

0 


‘Histamine not applied. 

Aminophyllin 1 :2000 to 1 :1000 caused marked dilatation of hista- 
mine-poisoned puppy bronchioles in all 6 experiments in which it 
was tried. With normal bronchioles it caused moderate dilatation 
in 2, and had no effect in one experiment. 

Histaminase caused slight dilatation of histamine-poisoned 
bronchioles in 3 experiments and had no effect in 2 experiments. This 
slight action after a few minutes was not unexpected, since one unit 
oi histaminase is assayed to neutralize 1 mg ot histamine dihydro- 
chloride only after 24 hours’ incubation at 37.5 C C. Histamine was 
inactivated by histaminase when the pH was maintained at 7.4 by 
phosphate buffer during 24 hours’ incubation at 37.5 "C. Only by 
fulfilling these rigid conditions was it possible to obtain inactivation. 

Nicotinic acid as sodium nicotinate 1 :4200 to 1 :1400 caused slight 
dilatation of histamine-poisoned bronchioles in two experiments and 
had no effect in S experiments. 

Conclusions. Aminophyllin is an effective dilator of histamine- 
poisoned puppy bronchiolar sections. Histaminase and nicotinic acid 
had little or no effect in the concentrations used. 
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.Testosterone Propionate, a Bisexual Hormone in the American 

Chameleon. 

G. K. Noble and B. Greenberg 

from the laboratory of Experimental Biology, American Museum of Natural 

History, Mew York, 

1 he androgen, testosterone propionate, is known to have some 
estrogenic effect in mammals; 1 in reptiles this effect is greater. It 
enlarges the oviduct of the immature alligator* and the adult lizard 
Sctio/>orns, 3 in the fatter causing a growth of the mucous glands 
similar to that produced by theelin. In Attolis carolinensis, it will 
hypertrophy both male and female genital ducts and induce both 
male and female sex behavior. 

Pellets of crystalline testosterone propionate (Ciba)* were im- 
planted subcutaneously into gonadectomized and intact immatures 
of both sexes and into similar adults. Each category was composed 
of 4 experimental and 4 controls occupying the same caged Imma- 
tures received an average of 2.6S mg, of which approximately 1.5S 
mg was absorbed in 24 days. Adults received an average of 5.22 
mg of which 3.03 mg was absorbed in 30-36 days. A group of adult 
gonadectomized males and another of females were also implanted 
with pellets of crystalline estradiol dipropionate, averaging S.50 nig, 
with absorption of approximately 1.04 mg in 17 days. 

The oviducts of ovariectomized and intact immature and adult 
females were markedly hypertrophied by the pellets. Oviducts of 
adult ovariectomized controls averaged 6.79 mg while treated females 
averaged 36.34 mg. In cross-section, their mucosa exhibited nu- 
merous glands similar to those produced with estradiol dipropionate. 
Testosterone-treated immature females showed the same glandular 
hyperplasia of the mucosa. 

Both testosterone and estradiol produced an intense keratinization 
of the cloaca in all treated females. DantchakofP has described this 

1 Groome, J. R., Quart. J. Exp. Physiol., 1939, 21), 307. 

2 Forbes, T. R., -limf. Uec., 1938, 72, 87. 

3 Gorbman, A., Puoc. Soe. E-\P. Biol. an'i> Med., 1939, 43, 811. 

• The authors are indebted to the Ciba Pharmaceutical Products, Inc., for the 
testosterone propionate (Perandien) and the estradiol dipropionate utilized in 
this study. 

t Assistance in the preparation of these materials nas furnished by the per- 
sonnel of Works Progress Administration Official Project Ho. 65-1-9T-23 (\VP. 10). 

i Dantehakoff, V., Compt. rend. Soc. biol., 1938, 128, 895. 
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effect in the Laccrta embryos of both sexes following folliculin treat- 
ment. The cloacal lining is mucoid in spayed and out-of-season 
females and also in all males. Testosterone will keratinize the 
cloacas of castrate immature and adult males. This estrogenic 
effect was also produced by estradiol in adult castrate males. 

Testosterone propionate strikingly enlarges the ovaries of both 
immature and adult females. Ovaries of the immature females were 
as much as 3 times the size of controls. Normally only one egg 
enlarges in each adult ovary at one time. In treated adults, 2 or 
more ova developed together in one ovary. Weights of ovaries of 
adult controls ranged from 3.35 mg to 65.63 mg. Ovaries of 
treated adult females ranged from 31.29 to 309 mg. Testes, how- 
ever, were smaller than in controls and showed little evidence of 
active spermatogenesis. 

Wolffian ducts, which were very' rudimentary in the immature 
females, were greatly hypertrophied by the testosterone pellets. They 
became as large as those of treated immature males. The epididymis 
and ductus deferens of adult castrate males were maintained by testo- 
sterone but not by estradiol dipropionate. The latter result is surpris- 
ing since theelin will produce an enlargement of the male ducts in 
adult Eumeccs? and young A no! is. 0 

Certain tubules of the kidney were markedly hypertrophied in all 
testosterone-treated Anolis. This “sexual segment" of Regaud and 
Policarcff is in secretory activity in the normal adult males and 
assumes this condition in all testosterone-treated males and females. 
Keh I s reported this effect with benzoate of androsterone in adult 
female Uromastix. Gonadectomized control and estradiol-treated 
Anolis showed uniformly small kidney tubules. 

Testosterone propionate pellets will induce male courtship and 
copulation in immature and adult females, whether ovariectomized 
or intact. The same implanted females will show estrous behavior 
and may be copulated with by either males or treated females. 
Estrous behavior includes: ( 1 ) a distinctive bend of neck, and (2) 
voluntary submission to copulation. Testosterone-treated females 
were observed to stand with necks flexed in this manner before males 
and treated females. 

Pellets of testosterone propionate increase the aggressiveness of 
temales. Otic treated female eventually dominates the group and 
assumes the role of a territory-holding male. Her activity partially 

■''Turner. 0. ])., It ml. /lull., 11 ) 35 , 00, M3. 

M. I... .Ill, It. ll>37, 70 (Sujijd. It, 117. 

* Eeji.-iud, 1’., unit I'olieanl, A., Compt. raid. Xo,\ bud., li)<*3, 55. 1)7.1. 

' Kell), It., i'ui.ipl. rani. Sue. bud; IlKIS. tU7. M3. 
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inhibits that of the otlier treated females. These, however, may 
show male behavior and also submit to copulation. Adult males, 
through their larger size and aggressiveness, are able to subdue the 
most dominant treated female which then submits to copulation. 

Testosterone propionate pellets also produce full sex activity in 
immature and adult castrate males. One treated immature male, on 
3 separate occasions, exhibited the estrous bend of neck and was 
copulated with 5 times. This male likewise copulated twice in male 
manner. 

Summary. Testosterone propionate enlarges the Mullerian duct, 
keratinizes the cloaca and produces estrous behavior in Anolis. It 
also enlarges the epididymis, ductus deferens and sexual segment of 
the kidney, while producing male sex behavior. It has a gonado- 
tropic effect on the ovary but not on the testis. 
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Size and Stroke of the Normal Human Heart During 
Neosynephrin Bradycardia.* 

Ancel Keys axd Antonio Violante. 

From the Laboratory of Physiological Hygiene, Cnivcrsity of Minnesota, 
Minneapolis, Minn. 


Marked bradycardia with pulse rates from 30 to 50 per 
minute is produced in normal young adults by therapeutic doses 
(3 to 10 mg subcutaneously) of neosynephrin — l-a-hydroxy-/?- 
methylamino-3 hydroxy ethylbenzene hydrochloride (Keys and 
Violante 1 ). The effect persists for 30 to 60 minutes or more and is 
not attended by any symptoms or sensations of cardiac or respira- 
tory embarrassment. Since repeated trials failed to disclose any 
significant change in the total oxygen usage during the bradycardia 
it seemed probable that the total minute output of the heart was 
not seriously diminished. If this were so there should be a very 
appreciable increase in the stroke output. We have investigated this 
question with the roentgenkymographic method of Keys and 
Friedell. 2 

* This work lias been supported by a Fellowship grant to the Laboratory of 
Physiological Hygiene of the University of Minnesota by Frederick Stearns 
and Co. 

l Keys- Ancel, and Violante, Antonio, Proc. Soc. Exp. Biod. and Med., 1940, 
44 4. 

KeyS) Ancel, and Friedell, H. L., Am. J. Physiol, 1939, 120, 741. 
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Trained normal young men and women subjects were used. All 
studies were made in the post-absorptive state in the early morning 
with the subject seated in a roller chair in a quiet room. When a 
roentgenkymographic exposure (R.K.G.) was made (66 inches), 
the chair was rolled into position and the subject cooperated only 
to the extent of holding the breath during the 1.5 second exposure. 
After a preliminary rest of 20 minutes or more, one or 2 R.K.G.S 
were made before injection of the drug. R.K.G.S were made sub- 
sequently when the bradycardia was well established — usually 10 
or 15 minutes later — and when the bradycardia had begun to 
diminish. In some cases a final R.K.G. was made when the pulse 
and blood pressure were nearly normal again. 

A striking alteration of the heart size was frequently apparent 
even from casual inspection of the resulting films. When the areas 
of the anterior-posterior projections were measured it was found 
that there is an increase of 5 to 20% or more during the period of 
bradycardia. The change is more remarkable when the correspond- 
ing volumes are calculated from our formula (op. cit.) : vol. = 0.63 
(Area) 1- ". To illustrate, we may cite 3 cases, selected at random, 
and compare the diastolic volumes in cc before and 15 minutes after 
subcutaneous injection of 5 mg of neosynephrin : 

Subj. E.H. Subj. DAY. Subj. B.N. 

Before 4G7 503 506 

After 497 601 625 

The left side of the heart shows the most pronounced increase in 
size but all parts of the heart appear to share in the dilatation and 
the original form of the heart is well preserved in both systole and 
diastole. We have never observed any signs of pericardial restraint, 
in spite of the fact that the dilatation in many cases surpasses what is 
frequently considered to be the upper limit for immediate dilatation. 
In a number of cases the P.A. transverse diameter increased more 
than 15 mm; in one case the increase was 19 mm and in another 
18 mm. In all cases the degree of inspiration was the same. 

Significant increases in diastolic heart size were found in 90% of 
all our studies with neosynephrin. It does not appear when epineph- 
rine or sterile saline are similarly administered. The systolic 
volume of the heart also increases, but to a lesser extent, so that 
there is a definite and usually large increase in stroke volume. In 
12 studies on S subjects the mean stroke volume before injection 
was 57.5 cc; between 15 and 30 minutes after injection of neosyne- 
phrin the mean indicated stroke volume was 90.1 cc. The net effect 
is usually to leave the minute volume relatively constant though there 
may be a slight reduction in the minute volume after the largest doses 
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inhibits that of the other treated females. These, however, may 
show male behavior and also submit to copulation. Adult males, 
through their larger size and aggressiveness, are able to subdue the 
most dominant treated female which then submits to copulation. 

Testosterone propionate pellets also produce full sex activity in 
immature and adult castrate males. One treated immature male, on 
3 separate occasions, exhibited the estrous bend of neck and was 
copulated with 5 times. This male likewise copulated twice in male 
manner. 

Summary. Testosterone propionate enlarges the Mullerian duct, 
keratinizes the cloaca and produces estrous behavior in Anolis. It 
also enlarges the epididymis, ductus deferens and sexual segment of 
the kidney, while producing male sex behavior. It has a gonado- 
tropic effect on the ovary but not on the testis. 
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Size and Stroke of the Normal Human Heart During 
Neosynephrin Bradycardia.* 

Axcel Keys axd Axtoxio Violaxte. 

From the Laboratory of Physiolooical Hygiene, Vnircrsity of Minnesota, 
Minneapolis, Minn. 


Marked bradycardia with pulse rates from 30 to 50 per 
minute is produced in normal young adults by therapeutic doses 
(3 to 10 mg subcutaneously) of neosynephrin — 1-a-hydroxy-/?- 
niethylamino-3 hydroxy ethylbenzene hydrochloride (Keys and 
Violante 1 ). The effect persists for 30 to 60 minutes or more and is 
not attended by any symptoms or sensations of cardiac or respira- 
tory embarrassment. Since repeated trials failed to disclose any 
significant change in the total oxygen usage during the bradycardia 
it seemed probable that the total minute output of the heart was 
not seriously diminished. If this were so there should be a very 
appreciable increase in the stroke output. We have investigated this 
question with the roentgenkymographic method of Keys and 
Friedell. 3 

* This work has been supported by a Fellowship grant to the Laboratory of 
Physiological Hygiene of the University of Minnesota by Frederick Stearns 
and Co. 

i Keys Aiiccl, and Violante, Antonio, Proc. Soc. Exp. Biol, and Med., 1940, 

-Keys, Ancel, and Friedell, H. L., Am. J. Physiol., 3939, 120, 741. 
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Each experiment was carried out under the following conditions : 
Thirty to 45 minutes after breast feeding, the infant was placed in 
an accurately controlled air-conditioned chamber* and weighed by 
means of a Sauter scale for 30 to 90 minutes. A condition of sleep 
and absence of sweating were required before measurements were 
made. 

The results are summarized in Table I. 

TABLE I. 


Average Insensible Weight Loss at Various Humiditiea. 



To relative humidity 

G insensible wt loss per hr 


f 

“ \ 

f 

Infant 


"S 

Case No. 

Range 

Avg 

Kg 

Sq.lL 

11 

19-30 

21.6 

3.82 

1.16 

17.2 

16 

31-40 

35.8 

3.24 

.94 

13.7 

5 

41-50 

48.5 

2.67 

.S6 

12.3 

19 

51-60 

54.0 

2.58 

.80 

11.7 

8 

61-70 

65.0 

1.99 

.60 

8.8 

11 

71-SO 

76.5 

1.35 

.39 

4.7 

6 

81-94 

88.0 

1.19 

.40 

5.0 


The average insensible weight loss for each 10% increase in rela- 
tive humidity decreases in a straight line manner to a negligible 
value at 100% relative humidity. The generally accepted value 1 
for insensible weight loss of 1.0 g per kg per hour for infants falls 
between 25% and 35% relative humidity. This value is approxi- 
mately twice that observed at 60% and 70% relative humidity. The 
general slope of the line indicates that for each 10% increase in 
relative humidity within the range studied, there is 0.46 g decrease 
in the hourly rate of insensible weight loss for the average newborn 
infant. From these data it appears that attempts to predict the 
energy metabolism of the newborn infant from the insensible weight 
loss according to the formulas of Benedict and Root for adults® and 
Levine and Harpies for infants 7 are not valid unless the effect of 
the relative humidity is taken into consideration. 

Summary, The rate of insensible weight loss in the unclothed, 
newborn male infant is decreased in a straight line manner by an 
increase in the relative humidity of the environmental air. 

t This unit was constructed with the advice and assistance as well 23 the dona- 
tion of special equipment from the Minneapolis Honeywell Regulator Company. 

5 Levine, S. Z., Kelly, M., and Wilson, J. B., .In. J. DU. Child., 1930, 30, 917. 

0 Benedict, F. G., and Root, H. F., Jrch. Int. Med., 1926, 38, 1. 

7 Levine, S. Z., and Marplej, E., dm. J. DU. Child., 1930, 10, 269. 
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( 10 mg) and a net increase in minute volume frequently results from 
a rather small (3 to 5 mg) dose of the drug. 

1 he contraction form shown by the R.K.G. corresponds to the 
RT interval of the E.C.G. in that ventricular contraction and dis- 
charge are not unduly prolonged. It is notable, however, that dur- 
ing much of diastole the left ventricle appears to pause at constant 
volume (diastasis). The R.K.G. film usually resembles extreme 
athletic bradycardia. 

These studies are being continued with additional techniques. 
The first few experiments with the acetylene method have shown 
an increased stroke volume of the same general magnitude found 
with the R.ICG. method, so that apparently the dilatation does 
not invalidate the volume calculations. 
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Effect of Relative Humidity on Insensible Weight Loss of the 

Newborn Infant.* 

John A. Anderson. (Introduced by Irvine McQuarrie.) 

From the Department of Pediatrics, University of Minnesota, Minneapolis. 


Although Rubner and von Lewschew 1 and Benedict and Car- 
penter 2 noted that high relative humidity of the environmental air 
produced a decrease in the rate of insensible weight loss in both 
man and experimental animals, recent investigators 3 ’ 4 have stated 
that, within the range of average environmental conditions, the 
relative humidity produces no significant effect. The failure of the 
insensible weight loss method in predicting accurately the energy 
metabolism of infants prompted this investigation of the effect of 
changes in relative humidity on the insensible weight loss. This 
report deals with 76 observations on the insensible weight loss in 
41 unclothed newborn male infants at relative humidities ranging 
from 19% to 94% and at an environmental temperature of 31.2- 
32.5°C (S7-89°F). 

* This study was made possible by a grant-in-aid from Mead Johnson and 
Company of Evansville, Indiana. 

l Rubner, M., and von Lewschew, Arch. f. Eyg., 1S97, 29, 1. 

- Benedict, F. G., and Carpenter, T. M., Carnegie Inst., Washington, 1910, 
Pub. No. 129. 

a Levine, S. Z., Wilson, J. K., and Kelly, M., Am. J. Dis. Child., 1929, 37, 791. 

•l Yaglou, C. P., /. A. M. A., 1937, 108, 1708. 
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average increase of 3S% relative humidity there was an average 
increase in the surface temperature of the body which occurred in 
the following manner: the foot — 2.5°C, the hand — 1.5°C, the 
abdomen— 0.8°C, and the forehead— 0.7° C. Accompanying these 
changes, the average decrease in the rate of insensible weight loss 
was 1.63 g per hour. 

There were two types of response of the skin temperatures of 
these infants. Six of the infants responded by an increase in the 
surface temperature of the dorsum of the hand and foot, which 
occurred within 10 minutes after the change from the low to the 
high humidity. When the high humidity was maintained at a 
constant level, an increase in the temperature of the abdomen and 
forehead occurred if the experiment was prolonged or if the increase 
in humidity was excessive. At this time all surface temperatures 
continued to increase uniformly to a level just below that of the 
rectal temperature, which usually remained constant. The remaining 
6 infants had an increase in the surface temperatures of all parts 
of the body at the same time, which usually occurred within 10 
minutes following the increase in relative humidity. These skin 
temperatures tended to stabilize at a higher level with moderate 
increases in humidity; or if the humidity increase was excessive, 
they approached the rectal temperature, which also increased slightly. 
Detectable sweating then occurred, followed by a fall in rectal 
temperature to or below the original level. The decrease of the 
rate of insensible weight loss was noted in both groups up to the 
time of the occurrence of sweating. 

The increase in the surface temperature of the newborn infant 
induced by increasing the relative humidity of the environmental 
air offers an explanation of the mechanism involved in the decrease 
of the insensible weight loss under the same conditions. The 
systematic manner in which the surface temperatures of the foot, 
hand, abdomen, and forehead increase with the increase in relative 
humidity is similar to that reported by Freeman and Lengyel for 
adult human subjects. 5 

Summary. In unclothed, newborn male infants the decrease in 
the rate of insensible weight loss is accompanied by an increase in 
the surface temperature of the skin at high relative humidity. The 
vasomotor responses necessary for this adjustment in the heat loss 
mechanism under these conditions appears to be as fully developed 
in one-half of the infants studied as in adult subjects. 

- Fret man, II., and Leugjei, B. A., J. Xutritioa, 1339, 17, 13. 
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Effect of Relative Humidity on Skin and Rectal Temperatures 
of the Newborn Infant.* 

John A. Andekson. (Introduced by Irvine McQuarrie.) 

From the Department of Pediatrics, University of Minnesota, Minneapolis. 

In a previous investigation 1 on unclothed newborn, male infants 
the author showed that an increase in the environmental relative 
humidity resulted in a decrease in the rate of insensible weight loss. 
In an attempt to explain the physiologic processes involved in the 
adjustment of the heat loss mechanism of the body induced by high 
humidity, measurements of the surface and rectal temperatures 
were made under similar experimental conditions. The skin surface 
temperatures of the forehead, abdomen, and dorsum of the hand and 
foot were determined by means of copper constantin thermocouples. 
A pessor catheter containing a thermocouple was used for obtain- 
ing the rectal temperature. The insensible weight loss and the skin 
and rectal temperatures of twelve unclothed, newborn infants were 
determined first at a low relative humidity and, after a period of 
adjustment of 45 to 60 minutes, again at a higher humidity. 

The results obtained are presented in Table I. 

In the cases in which sweating did not occur (Cases 1-9), for an 

TABLE I. 


Changes in Skin and Rectal Temperatures Induced by Change in Relative Humidity. 


Case 

No. 

Change 
% relative 
humidity 


Change 

Temperature degrees C 


I.L. 

change 

g 

Air 

Forehead Hand 

Abdomen 

Foot 

Rectal 

1 

47 

.0 

.0 

+ 1.7 

+0.6 

+2.4 


—2.06 

O 

38 

+ -1 


+2.8 

+1.1 

+3.2 

+.4 

— 1.65 

3 

34 

+ .8 


+ 1.7 

+1.2 

+2.0 

+.9 

—1.72 

4 

40 

+ .3 


+ 0.8 

—1.0 

+2.5 

+.8 

—1.35 

5 

56 

+ .8 

+ .9 

+2.1 

+ 1.0 

+4.3 


—2.34 

G 

34 

+ .3 

+ 1.0 

+ 2.1 

+0.9 

+1.6 


— 1.82 

7 

2G 

+ -7 


+ 0.2 

+1.6 


.0 

—0.44 

8 

25 

+ -1 


0.0 

+0.2 

+ 0.8 

.0 

— 0.56 

9 

44 

-f2.2 

+ -9 

+2.6 


+3.5 

+.7 

—2.76 

Avg 

38 

+0.4 

+ -7 

+ 1.5 

+0.8 

+2.5 

+.4 

—1.63 



Cases 

in 'Which 

Sweating Occurred. 



10 

24 

.0 

+ .1 

+ 1.1 

+0.3 

.0 

.0 

+0.04 

11 

24 

+ .2 



.0 

+2.0 

+•2 

+1.25 

12 

46 

+ 1.0 

+1.8 


+1.7 

+4.5 

.0 

+0.64 


•Tliis study was made possible by a grant-in-aid from Head Johnson and 
Company of Evansville, Indiana, and by the donation of special equipment, together 
with advice and assistance, from the Minneapolis Honeywell Regulator Company, 
l Anderson, J. A., Proc. Soc. Exp. Bios., and Med., 1940, 44, 464. 
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10 to 20 microns in diameter. In transplant they develop to a con- 
siderably larger size. Four strains were isolated in pure culture and 
their properties will be more closely studied. 

The tiny colonies were present in abundance in all cultures except 
one. In 2 cases they were associated with the gonococcus; in 3 
they were found in the absence of gonococcus. In one case they 
persisted in the cervical smear even though the gonococcus dis- 
appeared following the administration of sulfanilamide. 

In a previously described case a similar organism was isolated 
in pure culture from a suppurated Bartholin’s gland. 3 At that 
time, it was thought the patient’s contact with rats might have been 
responsible for the infection. With the knowledge that similar 
organisms occur frequently in the female genitalia it seems more 
probable that the previously observed suppuration was caused by a 
human strain and that such strains are potentially pathogens. Un- 
fortunately, the strain isolated from the suppurative lesion was lost, 
therefore its origin cannot be established. According to Sabin’s 
observations, mice often harbor pleuropneumonia-like organisms 
in the conjunctiva. 4 These organisms, although usually harmless, 
may under appropriate conditions become pathogenic. The patho- 
genicity of the cattle, goat and rat strains is well known. It is of 
special interest that all members of the pleuropneumonia group 
produce acute or chronic joint lesions. 

At present, it is impossible to state whether the strains isolated 
from female genitalia are potentially pathogenic although the above 
mentioned single observation suggests that they may be. They 
may only represent another variety of the many unknown saprophytic 
microorganisms of the mucous membranes. The frequent presence 
of a member of the pleuropneumonia group of microorganisms in 
human beings certainly deserves further study. 

3 Dienes, L., and Edsail, J., Pr.oc. Soc. Exp. Biol and Med., 1937, ;S(J, 740. 

* Sabin, A. B., Science, 1939, 90, IS. 
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Cultivation of Pleuropneumonia-Like Organisms from Female 

Genital Organs.*! 

L. Dienes. 

From the Department of Pathology and Bacteriology, Massachusetts General 
Hospital , and the Hubert IK. Lovett Memorial for the Study of Crippling Disease , 
Harvard Medical School, Boston. 

The technic formerly described for staining bacterial cultures 
in situ on the surface of agar was employed in studying routine 
plates submitted for gonococcus examination. 1 In the course of 
2 months pleuropneumonia-like organisms were demonstrated in 
the cervical secretions of 5 patients. The medium used for the 
gonococcus is similar to the medium employed formerly in cultivating 
Streptobacillus moniliformis and pleuropneumonia-like organisms. 1 
It is essentially a sedimented boiled blood agar to which is added 
30% buffered ascitic fluid. The plates are incubated for 2 days in 
partial CO- tension. 

Pleuropneumonia-like organisms were present in the genitals of 
about one-third of the females. Thus far similar organisms have 
not been found in plates inoculated with secretions from the urethra 
or prostate of males or from eyes of babies suspected of gonococcus 
infection. However, the female and male material examined was not 
comparable. The majority of female patients had pelvic infections, 
while the cultures from males were mostly release cultures from 
treated gonococcal patients. Women without pelvic disease were 
not studied. 

The group of pleuropneumonia-like organisms is characterized 
at present by purely morphological criteria. The organisms culti- 
vated from the female genitalia are indistinguishable in morphology 
and in the appearance of colonies from the strains isolated from rats 
and mice. 2 The young colonies consist of very small pleomorphic 
granules and filaments which grow into the medium and are stained 
deeply in situ with methylene blue. The surface of fully developed 
colonies consists of large bodies (3 to 10 microns) which are at first 
deeply stained but which later become vacuolized and produce a 
foam-like structure. After 48 hours the colonies are often only 

* The expenses of this iuvestigation were defrayed in part by a grant from the 
Commonwealth Fund. 

t This is publication Number 47 of the Lovett Memorial, 

1 Dienes, D., J. Inf. Dis., 1939, Co, 24. 

u Dienes, L., and Sullivan, E. E., Psoc. Soc. Exr. Biol, and Med., 1939, 41, 424. 
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tures. The occurrence of such organisms with the gonococcus has 
been indicated in a preceding note. 3 The pleuropneumonia-like 
organism grows independently of the gonococcus, and mixed cul- 
tures are easily separated. The tiny secondary colonies develop 
only in connection with the large swollen bacterial forms and thus 
far all attempts to grow them separate from the parent organism 
have failed. Morphologically, the secondary growth is very similar 
to a young growth of the pleuropneumonia-like organism. 
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Developmental Relationship Between Pars Intermedia of Pitui- 
tary and Brain in Tadpoles. 

William Etkix. (With the assistance of Rose Lotkin.) 

From the American Museum of Natural History and the College of the City of 

.Veto Tori'.* 


An inhibitory control of the growth and functional activity of 
the pars intermedia of the hypophysis of the tadpole through the in- 
fundibulum has been suggested by the author to account for the 
finding of overgrowth and excess activity of this gland in grafts, 
and after infundibular lesion. 1 In his careful work with pituitary 
grafts in the salamander, however, Blount 3 reported an intensity of 
pigmentation only in proportion to the number of grafts and no 
overgrowth in the grafts. Since in Blount’s work successful grafts 
were secured only when brain was transplanted with the gland, 
whereas in this author’s work with tadpoles the graft took success- 
fully independently of the presence of brain it was thought that the 
circumstance of the presence of brain with the primordial graft might 
account for the difference in the characteristic growth picture of 
the graft in these two cases. This theory would be consistent with 
the first mentioned hypothesis of inhibitory control of the p. inter- 
media through the infundibulum. To test this, a series of grafts 
of the pituitary was made with and without brain. 

The experiment was performed on Ram pipiens tadpoles. The 

1 1’itni.", I-, I’£OC. Soc. Exi*. Li OX. and Med., 1310, 4-1, iCs. 

* Assistance in the preparation of these materials was furnishul hr Works 
I’rojtcis Administration for tie City of New York, Proj v ct Number OS- 1-37-03 
W.l\ 10. 

1 EtUn, W., and Rc-ent n.rg, L., Peoc. Soc. Ex r. Biol, and Med., I33S, SO, 330. 

'-BIluc!, R J. Hep. 1932, OS, 213. 
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L Type of Growth in Gonococcus Cultures,*! 

L. Dienes. 

I'rom the Department of Pathology and Bacteriology, Massachusetts General 
Hospital, anti the llobcrt IV. Lovett Memorial for the Study of Crippling Disease, 
Harvard Medical School, Boston, 

It was described in a former note that in cultures of various Gram 
negative bacteria tiny secondary colonies similar in many respects 
to the LI colonies of Strcftobacillus moniliformis develop. 1 The 
appearance of these colonies is always preceded by the transformation 
of the bacteria into large swollen forms. More recently it has been 
observed that the secondary colonies develop from these large forms. 2 

A similar course of events was observed in gonococcus cultures. 
In certain cultures the cocci before disintegrating swell up into large 
deeply stained spherical bodies similar in every respect to the large 
bodies of Gram negative bacteria. If such cultures are kept one or 
two days at a temperature between 25 to 30°C, one notes below the 
colonies in the agar a slight secondary growth very similar to the 
L type of growth observed in colon bacillus and influenza colonies. 
It consists of small granules and fine filaments which usually de- 
generate in 24 hours. In gonococcus cultures this peculiar second- 
ary growth does not develop as abundantly nor as distinctly as in the 
cultures of Gram negative bacteria, and without the experience ob- 
tained with the latter it would probably have been overlooked. The 
main evidence in support of the supposition that this slight transient 
growth corresponds to the development of the L type colonies is 
the essential similarity of the whole process in different bacterial 
cultures. 

The observation of this process in gonococcus cultures possess 
some importance inasmuch as it is the first example of the occurrence 
of this process in a species of bacteria besides the Gram negative 
bacilli. Attempts to demonstrate a similar secondary growth in the 
colonies of Gram positive cocci, especially in the colonies of strepto- 
cocci, have been unsuccessful thus far. 

The process described in this note has nothing to do with the 
presence or absence of pleuropneumonia-like organisms in the cul- 

* The expenses of this investigation were defrayed in part by a grant from the 
Commonwealth Fund. 

f This is publication Number 48 of the Lovett Memorial. 

1 Dienes, L., Proc. Soc. Exp. Biol, and Med., 1939, 42, 636. 

2 Dienes, L., Pboc. Soc. Exp. Biol, and Med., 1940, 43, 703. 
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velops separated from the infundibulum its growth is excessive, it 
shows cellular hypertrophy and produces an excess of the pigmentary 
hormone which induces intense hyperpigmentation in the host. . The 
infundibulum normally controls p. intermedia function by inhibition. 
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Influence of Age on Rate of Immune Response of Mice to 
Formolized Equine Encephalomyelitis Virus. 


Isabel M. Morgan. (Introduced by Peter K. Olitsky.) 

From the Laboratories of the Rockefeller Institute for iledical Research, R'cw 

York City. 


It has been reported 1 that the ability of mice to be immunized with 
formolized virus of Eastern equine encephalomyelitis increases with 
age. The question then arose as to whether this was an expression 
of different rates of development of immune response, or rather of 
maximum responses of which various age-groups were capable. 
Rate of antibody response to a trypanosomal infection in rats was 
found to increase with age. 2 

The rate of development of neutralizing antibodies in serum of 
mice of 3 age-groups was studied. Mice 3 months, 14-15 days and 
4-5 days of age were injected intraperitoneally on the 1st, 3rd and 
5th days with 0.2-0.25 cc of formalin-inactivated virus of Eastern 
equine encephalomyelitis. This consisted of a 10% suspension of 
infected mouse brain in 0.5% formalin, which proved to be non- 
infectious on intracerebral injection of normal mice. Mice in each 
group were bled from the heart and the sera pooled, on the days 
indicated in Fig. 1, i.c., 4th, 5th (4 hours after the last injection of 
formolized virus), 6th day, etc. Serum-neutralizing antibodies were 
measured by the intraperitoneal protection test 3 in normal mice from 
13 to 15 days of age, using 4 mice for each virus dilution-serum 
mixture. Sera of different age-groups taken on the same day were 
compared simultaneously. 

The antibody titer is recorded in Fig. 1 as doses of virus neutral- 
ized. This was calculated from the difference between the infective 

i Morgan, I. M., Proc. Soc. Exp. Biol and Med., 1939, -12, 001. 

Kolodnv, M. II., Jin. J. Ilyg., 1940, 31, 1, Sec. C. 

3 Olitsky, P. K., and Harford, C. G., J. Exp. ilcJ., 193S, OS, 173. 
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hosts were tadpoles which had been hypophysectomized in the tail- 
bud stage and used when about 12 mm total length. Only silver 
(successfully hypophysectomized) animals were used. The site 
for the implant was prepared by removing the eyeball through a slit 
in the dorsal skin, thus leaving a relatively large pocket for the recep- 
tion of the graft. The grafts were taken from tail-bud embryos. 
In one series the pituitary primordium with as little adherent tissue 
as possible was used, and in the second series a variable amount 
of adjacent brain material was included with each graft. Normal 
unoperated controls were run simultaneously. When tadpoles were 
fully grown they were killed and the head serially sectioned. 

In the first series of grafts without brain the same experimental 
types obtained as previously. Thus of a total of IS surviving 
experimentals of this type 7 became very much darker than normal 
and showed on sectioning enlarged p. intermedia grafts with cellu- 
lar-hypertrophy and intense basophilia in the cytoplasm, 2 showed 
approximately normal pigmentation and on sectioning showed diffuse 
degenerating grafts with apparently little p. intermedia, 9 remained 
silver in color and the 3 of these which were sectioned showed no 
grafts persisting. 

In the group receiving grafts with brain and pituitary 32 survived 
well. Of these 6 showed marked hyperpigmentation. The sections 
of these animals showed the characteristic hypertrophy and hyper- 
plasia in the p. intermedia. Varying amounts of brain were present 
in the graft. In no case was the gland in contact with recognizable 
infundibular tissue though in some it was in contact with other parts 
of the brain. 

Ten animals which fell into the silver class showed on sectioning 
no clear p. intermedia tissue in the graft. The critical class of ex- 
perimentals was the group of 15 individuals which showed either 
normal pigmentation or a moderated degree of hyperpigmentation. 
Of these 6 proved to have degenerating grafts with doubtful or very 
scattered p. intermedia and 9 showed normal well formed p. inter- 
media grafts in which the cells were normal in appearance. Seven 
of these grafts were directly in contact with recognizable grafted 
infundibular tissue, one was directly in contact with brain tissue of 
uncertain form and one was in contact with the infundibulum 
through the intermediation of p. anterior tissue. 

This experiment supports the following interpretation. When 
p intermedia develops in contact with the infundibulum its growth 
and histological development are normal and its functional activity 
is not much if at all in excess of normal. When, however, it de- 
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The “14-days-old” mice were not uniformly resistant; 50% of mice 
receiving from 1 to 1,000 doses survived. The proportion surviving, 
of those tested 2, 3 and 4 weeks after immunization, did not increase. 
It was shown therefore that the high degree of active immunity 
of “3-months-old” mice was maintained during the 2-4 weeks' period 
following immunization; and the low degree of resistance of mice 
immunized when 14 days old did not change significantly during that 
period, in spite of the observation (Fig. 1) that mice of this age 
group possessed maximum titer of circulating antibodies. 4 

Summary. The rate of development of neutralizing antibodies in 
serum of mice immunized with formalin-inactivated virus of Eastern 
equine encephalomyelitis has been shown to increase progressively 
with age. The antibodies in serum of mice immunized at a very 
early age did not reach the maximum titer found in mice immunized 
when older. 

The low degree of active immunity to intracerebral injection of 
active virus induced in mice 14 days old at the beginning of immun- 
ization did not increase from 2 to 4 weeks after immunization. 
During that interval, mice immunized at 3 months of age maintained 
a high degree of active immunity. 
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Chronic Histamine Action.* 

Charles F. Code and Richard L. Varco. 
(Introduced by M. B. Visscher) 

From the Departments of Physiology and Surgery, University of Minnesota. 


Histamine placed in the body in watery solution rapidly produces 
acute effects of relatively short duration (Dale and Laidlaw 1 ). 
During the past 2 years studies have been undertaken to develop a 
procedure by which injected histamine would act over prolonged 
periods and produce chronic effects. The ultimate aim of the in- 
vestigation was the study of chronic histamine poisoning. 

Experimental Procedure. Histamine was administered by sub- 

4 Olitsky, P. K„ and Harford, C. G., J. Exp. Med., 133S, 08, 770. 

* Part of the expense of this research has been defrayed by grants from the 
Committee on Scientific Research of the American Medical Association (No. 5Co 
and oofi) and the Graduate School of the University of Minnesota. 

t Dale, II. II., and Laidlaw, P. P., J. Physiol., 11)10, 41, 3IS. 
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Fro. l . 

Rato of development of neutralizing antibodies in serum of mice of various 
in response to 3 doses of formalized Eastern equine encephalomyelitic virus 


titer in control and test groups of mice.* It was found that differ- 
ences in titer must he more than tenfold to be significant. In serum 
of mice immunized at 3 months of age, neutralizing antibodies began 
to appear on the 5th day reaching a maximum by the 6th day. In mice 
14-15 days old at the beginning of immunization, antibodies were 
not demonstrable until the 6th day and reached a maximum between 
the 8th and 10th days, which was maintained for at least 23 days 
longer. Considerably slower in response were mice 4-5 days old at 
the beginning. A minimum of antibody was demonstrable on the 
12th day. Sera taken on the 20th and 33rd days protected % to ^ 
of mice in groups receiving a wide range of virus dilutions, indi- 
cating moderate antibody content. This is in contrast with sharp 
endpoints obtained with weak or strong antiserum. Sera of 
“2-days-” and “6-months-old” mice are also shown. Thus the rate 
of antibody production was found to increase with age. Below a 
certain age, the final titer reached depended on the age at which im- 
munization was begun. 

In order to determine whether the low grade of active immunity 
reported previously 1 in young mice would increase with time, 2 
large groups of mice, 14 days and 3 months old, were immunized 
as described. Mice from each age group, as well as 3-months-old 
normal controls, were tested by intracerebral injection of tenfold 
dilutions of active virus after 2, 3 and 4 weeks. The “3-months-old” 
immunized mice resisted 10 T , 10M0 0 and 10°-10 T doses respectively, 
as measured by difference in titer between control and test groups. 

* For osampie, if the titer of virus in the presence of normal serum were 10-" 
and with test serum, 10-5, the difference in titer would be 102 or 100 doses 
neutralized. 
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The “14-days-old” mice were not uniformly resistant; 50% of mice 
receiving from 1 to 1,000 doses survived. The proportion surviving, 
of those tested 2, 3 and 4 weeks after immunization, did not increase. 
It was shown therefore that the high degree of active immunity 
of “3-months-old” mice was maintained during the 2-4 weeks’ period 
following immunization; and the low degree of resistance of mice 
immunized when 14 days old did not change significantly during that 
period, in spite of the observation (Fig. 1) that mice of this age 
group possessed maximum titer of circulating antibodies. 4 

Summary. The rate of development of neutralizing antibodies in 
serum of mice immunized with formalin-inactivated virus of Eastern 
equine encephalomyelitis has been shown to increase progressively 
with age. The antibodies in serum of mice immunized at a very 
early age did not reach the maximum titer found in mice immunized 
when older. 

The low degree of active immunity to intracerebral injection of 
active virus induced in mice 14 days old at the beginning of immun- 
ization did not increase from 2 to 4 weeks after immunization. 
During that interval, mice immunized at 3 months of age maintained 
a high degree of active immunity. 
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Chronic Histamine Action.* 

Charles F. Code and Richard L. Varco. 
(Introduced by M. B. Visscher) 

From the Departments of Physiology and Surgery, University of Minnesota. 


Histamine placed in the body in watery solution rapidly produces 
acute effects of relatively short duration (Dale and Laidlaw 1 ). 
During the past 2 years studies have been undertaken to develop a 
procedure by which injected histamine would act over prolonged 
periods and produce chronic effects. The ultimate aim of the in- 
vestigation was the study of chronic histamine poisoning. 

Experimental Procedure. Histamine was administered by sub- 

* Olitsky, P. K., and Harford, C. G., J. Exp. Med., I93S, OS, 770. 

* Part of tlio expense of this research has been defrayed by grants from the 
Committee on Scientific Research of the American Medical Association (No. ofifi 
and 330) and the Graduate School of the University of Minnesota. 

i Dale, H. II., and Laidlaw, P. P., J. Physiol., 1910, -II, 31S. 
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Pin. 1. 

Rato of development of neutralizing antibodies in serum of mice of various 
) n ^ doses of formolized Eastern equine encephalomyclitic virus 


titer in control and test groups of mice.* It was found that differ- 
ences in titer must be more than tenfold to be significant. In serum 
of mice immunized at 3 months of age, neutralizing antibodies began 
to appear on the 5th day reaching a maximum by the 6th day. In mice 
14-15 days old at the beginning of immunization, antibodies were 
not demonstrable until the 6th day and reached a maximum between 
the 8th and 10th days, which was maintained for at least 23 days 
longer. Considerably slower in response were mice 4-5 days old at 
the beginning. A minimum of antibody was demonstrable on the 
12th day. Sera taken on the 20th and 33rd days protected to 
of mice in groups receiving a wide range of virus dilutions, indi- 
cating moderate antibody content. This is in contrast with sharp 
endpoints obtained with weak or strong antiserum. Sera of 
“2-days-” and “6-months-old” mice are also shown. Thus the rate 
of antibody production was found to increase with age. Below a 
certain age, the final titer reached depended on the age at which im- 
munization was begun. 

In order to determine whether the low grade of active immunity 
reported previously 1 in young mice would increase with time, 2 
large groups of mice, 14 days and 3 months old, were immunized 
as described. Mice from each age group, as well as 3-months-old 
normal controls, were tested by intracerebral injection of tenfold 
dilutions of active virus after 2, 3 and 4 weeks. The “3-months-old” 
immunized mice resisted 10 7 , 10 3 -10° and 10°-10 T doses respectively, 
as measured by difference in titer between control and test groups. 

* y or example, if the titer of virus in the presence of normal serum were 10-7 
and with test serum, 10-5, the difference in titer would be 102 0 r 100 doses 
neutralized. 
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these experiments prolonged action of a single injection of hista- 
mine was obtained by suspending the histamine particles in a bees- 
wax mixture. 


11500 

Salt After Adrenalectomy. I. Growth and Survival of Adrenal- 
ectomized Rats Given Various Levels of NaCl.* 

Evelyn Anderson, Michael Joseph and Virgil Herring. 
(Introduced by Herbert M. Evans.) 

From the Institute of Experimental Biology and the Department of Medicine of 
the University of California , Bcrfcelei/ aiuZ Sail Francisco, California. 


It is well known that the administration of sodium chloride to 
animals deprived of their adrenals considerably delays the onset of 
adrenal insufficiency, but the importance of the amount of sodium 
chloride given such animals has not received adequate attention. 
There is an “optimal” amount of sodium chloride from which such 
an animal derives benefit; an excess of sodium chloride is injurious. 
Moreover, inadequate study has been given the matter of the degree 
to which functional restoration occurs in adrenalectomized animals 
given salt. These are the problems which concern us here. This 
study deals with the growth and survival of adrenalectomized animals 
in response to varying amounts of sodium chloride. Two succeed- 
ing reports deal with the urinary excretion of Na and K and with the 
storage of fed carbohydrate by such rats. 

Adrenalectomized rats fed a standard diet and allowed to drink 
1 c /o NaCl take in an amount of salt which appears to be optimal 
for maintaining growth and health. For this study male rats were 
used; they were 10 weeks of age at the time of adrenalectomy, and 
weighed approximately 200 g. Controls were subjected to a sham 
operation in which the adrenals were dissected free of the surround- 
ing tissue but not removed. From a group of 25 adrenalectomized 
rats given 1% NaCl solution, 15 had an average survival of 45 days 
( range 12-SO days) and 10 lived beyond the 1 10th day post-operative. 
During the course of the experiment all of the animals were tested 
for completeness of adrenalectomy by withdrawing salt and allow- 

* Wo wish to acknowledge the assistance o£ the Federal Works Progress 
Administration, Project No. OP 63-1-OS-O'J, Unit A-5, and the Christine lirc-oa 
Fund. 
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Chronic Histamine Action 


cutaneous or intramuscular injection. All doses mentioned are in 
terms of histamine base. Two tests were employed to determine 
the efficacy of the methods used to slow the rate of absorption of 
histamine from the sites of injection. The first was a comparison 
in normal guinea pigs of the effects of large doses of histamine in 
saline solution with the effects of the same dose of histamine in other 
substances. While this method was satisfactory for the preliminary 
experiments it was inadequate for the quantitative determination of 
the extent and degree of prolonged histamine action. The second 
test was the measurement of the amount and quality of the secretion 
from gastric pouches of dogs made according to the method of 
Heidenhain. This test provided a quantitative basis for studying 
the extended action of histamine. The pouches were prepared under 
ether or nembutal anaesthesia using the usual surgical technic and 
sufficient time for recovery was allowed before tests were com- 
menced. 

Histamine was first ground with glycol stearate and then 
suspended in mineral oil. In guinea pigs, injection of this material 
was quickly followed by typical symptoms and fatalities. Similar 
results were obtained when histamine particles were covered with 
paraffin and suspended in oil. Definite protection was obtained with 
a mixture of finely powdered histamine, pure beeswax or beeswax 
containing resin and mineral oil. Quantities of histamine which 
caused fatal reactions when given in saline solution produced only 
mild symptoms when administered with beeswax. Hot saline extrac- 
tion of this dose of the beeswax mixture gave watery solutions which 
when injected produced profound reactions or death. Mixture of 
the histamine with the beeswax had not destroyed the histamine. 

The histamine beeswax mixture has been quantitatively tested by 
the gastric secretion method in 4 dogs. Doses of histamine ranging 
from 15 to 60 mg were given. As a routine the volume of material 
injected was about one cubic centimeter and this was divided among 
approximately 20 intramuscular sites. Reactions were noticed in 
only 2 out of 10 experiments. As a rule gastric secretion com- 
menced 10-15 minutes after the injection and continued for from 
24 to over 40 hours. The total volume of juice secreted in 24 hours 
expressed as equivalent volume N/10 HC1 ranged from 957 to 
1919 cc. In the majority of instances the maximum rate of secretion 
was reached during the first 4 hours following which it declined 
gradually. The water, chloride and hydrogen ion loss was combated 
by dilute saline drinking water, saline solution by vein and under the 
skin and by the return of gastric juice with a stomach tube. In 
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POST-OPERATIVE DAYS 
Chast IL 

Showing the growth response nnd the food and iluid intake of adrenalectomized 
rats on XaCl. Normal controls on tap water: total XaCl intake 001 mg daily. 
Sham adrenalectoraiied rats on ICc saline: total XaCl 11-1 mg daily. Adrenaleo- 
tomized rats on 1% saline; total XaCl 940 mg dailv. Adrenalectomized rats oa 
tap water: total XaCl 339 mg daily. 

339 mg daily. Another group of 21 adrenalectomized rats was per- 
mitted to drink 1% XaCl ad libitum. Their total XaCl intake was 
940 mg daily. One control group had been subjected to a sham 
adrenalectomy. This group was given 1 c /c XaCl ad libitum. Their 
total XaCl intake was 1121 mg daily. The other control group 
consisted of normal rats which were given tap water to drink. Their 
XaCl intake was 601 mg daily. The adrenalectomized rats which had 
a total XaCl intake of 339 mg daily failed to grow and the animals 
died between tile 14th and 31st days post-operative. The adrenal- 
ectomized rats with a higher XaCl intake, namely 940 mg, grew as 
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Chart I. 

Showing tho growth response of adrenalectomized rats given 1% NaCl to drink. 


ing the animals to go into a state of adrenal insufficiency. The 
average daily intake of sodium in food and drinking water was 
estimated to be about 290 mg (725 mg NaCl). The growth curve 
of these animals is shown in Chart I. The adrenalectomized rats 
on \ c /o NaCl continued to grow at the same rate as the control 
animals for about 2 months; after that the growth rate was 
diminished. These animals were used from time to time for testing 
the excretion of radioactive sodium and potassium. This entailed 
keeping the rats on a restricted regimen of Locke's solution with 
glucose for 3 days at a time. A temporary loss of body weight 
occurred with each experiment. The electrolyte excretion of these 
animals is reported in another communication. 1 

Adrenalectomized rats given 1 % NaCl ad libitum consume as 
much food as normal rats. The intake of food and of salt solution 
and the gain in body weight were measured on 2 groups of adrenal- 
ectomized rats and on 2 control groups for a period of 30 days. 
These data are shown in Chart II. The stock diet given these 
animals contained 1.6% sodium by analysis (=4% NaCl). The 
animals were kept in individual cages in a chamber kept at a constant 
temperature of 28.5°C. One group of 5 adrenalectomized rats was 
given tap water to drink. Their NaCl intake in the food averaged 

1 Anderson, E., Joseph, AL, and Herring, V., Psoc. Soc. Exp. Biol, and -Med., 
1040 , 44 , 482 . 
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a standard diet which contained .7% sodium by analysis (=1.75% 
NaCl), they grew and remained in good health for an indefinite 
period. They resembled the adrenalectomized rats reported above 
which were kept on 1 % NaCl. The total NaCl intake was practically 
the same for both groups, averaging about 650 mg. Another group 
of adrenalectomized rats was given 4 cc of 5% NaCl four times a 
day and allowed to drink tap water ad libitum. Their NaCl intake 
amounted to more than one gram per day. These animals resembled 
untreated adrenalectomized rats; they failed to grow and their 
average survival period was 19.5 days (with a range of 5-28 days). 
When 4 cc of 5% NaCl was given 6 times a day to adrenalectomized 
rats, the animals were all dead within 2 days. The urinary excretion 
of sodium and potassium in this group of animals is reported 
separately. 1 

The higher amounts of NaCl decreased the food intake slightly 
for both adrenalectomized and control rats. Food records and 
water intake were kept on a group of 13 adrenalectomized rats and 
7 controls which were given 4 cc of 5% NaCl 4 times a da}'. The 
NaCl intake for the adrenalectomized rats was 1234 mg daily, for 
the controls 1352 mg (Chart III.). The difference in food intake 
in these two groups was slight. There was no significant growth 
in either group. The animals were sacrificed on the 15th and 20th 
days post-adrenalectomy, in order to determine the ability of these 
animals to store carbohydrate. These data are reported separately. 2 

Summary. A daily intake of 650 to 940 mg NaCl for an adult 
adrenalectomized rat seems to be “optimal” in maintaining growth 
and apparent health. A daily intake of 339 mg is not sufficient for 
growth or survival. Large amounts of NaCl such as 1200 mg a 
day are injurious. 
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Quart III. 

Showing the growth response and the food and water intake of adrenalec- 
tomized rata, given 10 ce of 5% NaCl daily. Sham adrenalectomized rats; total 
NaCI intake 1332 nig daily. Adrenalectomized rata: total NaCl intake 1234 mg 
daily. 

well as normal animals. These animals were sacrificed on the 10th, 
15th, 20th and 30th days post-adrenalectomy in order to determine 
the carbohydrate stores after feeding glucose. This is reported in 
another communication. 3 

In contrast to the beneficial effects of a 1% NaCl solution upon 
the growth and survival of adrenalectomized rats, it was found that 
larger amounts of NaCl in the drinking water proved to be injurious 
to such animals. This was tested out as follows: When adrenalec- 
tomized rats were given 4 cc of a 5 % NaCl solution by stomach tube 
twice a day and allowed to drink tap water ad li bitum and offered 

Anderson, E., Herring, V., and Joseph, M., Proc. Soc. Exp. Biol, and Med., 
1940, to he published. 
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a standard diet which contained .7% sodium by analysis (=1.75^> 
NaCl), they grew and remained in good health for an indefinite 
period. They resembled the adrenalectomized rats reported above 
which were kept on 1% NaCl. The total NaCl intake was practically 
the same for both groups, averaging about 650 mg. Another group 
of adrenalectomized rats was given 4 cc of 5 % NaCl four times a 
day and allowed to drink tap water ad libitum. Their NaCl intake 
amounted to more than one gram per day. These animals resembled 
untreated adrenalectomized rats; they failed to grow and their 
average survival period was 19.5 days (with a range of 5-2S days). 
When 4 cc of 5% NaCl was given 6 times a day to adrenalectomized 
rats, the animals were all dead within 2 days. The urinary excretion 
of sodium and potassium in this group of animals is reported 
separately. 1 

The higher amounts of NaCl decreased the food intake slightly 
for both adrenalectomized and control rats. Food records and 
water intake were kept on a group of 13 adrenalectomized rats and 
7 controls which were given 4 cc of 5% NaCl 4 times a day. The 
NaCl intake for the adrenalectomized rats was 1234 mg daily, for 
the controls 1352 mg (Chart III.). The difference in food intake 
in these two groups was slight. There was no significant growth 
in either group. The animals were sacrificed on the 15th and 20th 
days post-adrenalectomy, in order to determine the ability of these 
animals to store carbohydrate. These data are reported separately. 2 

Summary. A daily intake of 650 to 940 mg NaCl for an adult 
adrenalectomized rat seems to be “optimal” in maintaining growth 
and apparent health. A daily intake of 339 mg is not sufficient for 
growth or survival. Large amounts of NaCl such as 1200 mg a 
day are injurious. 
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Salt After Adrenalectomy. II. Urinary Excretion of Radioactive 
Na and K in Adrenalectomized Rats Given Various Levels 

of Salt.* 

Evelyn Anderson, Michael Joseph and Virgil Herring. 

(Introduced by Herbert M. Evans.) 

From the Institute of Experimental Biology and the Department of Medicine of 
the University of California, Berkeley and San Francisco, California. 

In an earlier communication 1 we reported the use of radioactive 
sodium and potassium in the detection of changes in the urinary 
excretion rate of sodium and potassium after adrenalectomy. It 
was found that adrenalectomized rats fed one of our stock diets 
which contained 1.75% NaCl, and given tap water to drink showed 
an increased rate of excretion of administered radioactive sodium 
and a diminished rate of excretion of radioactive potassium. The 
rate of excretion of these tagged electrolytes could be correlated 
with the excretion of body sodium and potassium. We also showed 
that the giving of a one percent sodium chloride solution to adrenal- 
ectomized rats instead of tap water corrected the wastage of sodium 
and the retention of potassium, so that these animals excreted these 
electrolytes in the same proportions as normal animals. 

In the preceding communication 3 the growth and survival of 
adrenalectomized rats given 1% NaCI solution has been described. 
Out of a group of 25 adrenalectomized rats which were given 
1% NaCl to drink and which were fed a diet which contained 1.75% 
NaCl, 10 lived beyond the 110th day after operation. The capacity 
of these animals to excrete given amounts of radioactive sodium 
and potassium was measured from time to time. 

The methods used and the standardization of the conditions 
necessary for this study have been described previously. 1 The data 
of this study are given in Table I. It will be seen that adrenalec- 
tomized rats on 1% NaCl (with a total NaCl intake of 725 mg 
daily) at first excrete the administered radioactive sodium like the 
control animals but later show sodium retention. This discrepancy 

* We wish to acknowledge the assistance of the Federal Works Progress 
Administration, Project No. OP 05-1-08-62, Unit A-5, and the Christine Breon 
Fund. We wish to thank Dr. John H. Lawrence, of the Radiation Laboratory of 
this University, for supplying us with the radioactive sodium and potassium. 

1 Anderson, E., and Joseph II., Pitoc. Soc. Exp. Biol. and JIed., 1939, 40, 347. 

2 Anderson, £., Joseph, JL, and Herring, V., Proc. Soc. Exp. Biol, and JIed., 

1940, 44, 477. 
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Salt After Adrenalectomy. II. Urinary Excretion of Radioactive 
Na and K in Adrenalectomized Rats Given Various Levels 

of Salt.* 

Evelyn- Anderson, Michael Joseph and Virgil Herring. 
(Introduced by Herbert M. Evans.) 

From the Institute of Experimental Biology and the Department of Medicine of 
the University of California, Berkeley and San Francisco, California. 


In an earlier communication 1 we reported the use of radioactive 
sodium and potassium in the detection of changes in the urinary 
excretion rate of sodium and potassium after adrenalectomy. It 
was found that adrenalectomized rats fed one of our stock diets 
which contained 1.75% NaCl, and given tap water to drink showed 
an increased rate of excretion of administered radioactive sodium 
and a diminished rate of excretion of radioactive potassium. The 
rate of excretion of these tagged electrolytes could be correlated 
with the excretion of body sodium and potassium. We also showed 
that the giving of a one percent sodium chloride solution to adrenal- 
ectomized rats instead of tap water corrected the wastage of sodium 
and the retention of potassium, so that these animals excreted these 
electrolytes in the same proportions as normal animals. 

In the preceding communication 2 the growth and survival of 
adrenalectomized rats given 1% NaCl solution has been described. 
Out of a group of 25 adrenalectomized rats which were given 
1% NaCl to drink and which were fed a diet which contained 1.75% 
NaCl, 10 lived beyond the 1 10th day after operation. The capacity 
of these animals to excrete given amounts of radioactive sodium 
and potassium was measured from time to time. 

The methods used and the standardization of the conditions 
necessary for this study have been described previously. 1 The data 
of this study are given in Table I. It will be seen that adrenalec- 
tomized rats on 1% NaCl (with a total NaCl intake of 725 mg 
daily) at first excrete the administered radioactive sodium like the 
control animals but later show sodium retention. This discrepancy 

* We wish to acknowledge the assistance of the Federal Works Progress 
Administration, Project No. OP G5-1-08-62, Unit A-5, and the Christine Breon 
Fund. We wish to thank Dr. John H. Lawrence, of the Badiation Laboratory of 
this University, for supplying us with the radioactive sodium and potassium. 

1 \ndersou, E., and Joseph M., Pitoc. Soc. Exp. Biol, and Med., 1939, 40, 347. 

2 Anderson, E., Joseph, II., and Herring, V., Pkoc. Soc. Exp. Biol, and Med., 
1940, -44, 477. 
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Summary. The administration of sodium chloride to adult 
adrenalectomized rats in amounts varying from 650 mg to 1 g 
daily prevents the urinary sodium wastage and potassium retention 
which characterizes adrenalectomized animals. 
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Oxidation of Tyrosine by Ultraviolet Light in its Relation to 
Human Pigmentation. 

Stephen Rothman. (Introduced by G. F. Dick.) 

From the Department of Medicine, Section of Dermatology, and the Department 
of Pharmacology, University of Chicago. 

In the skin of mammals tyrosinase never has been conclusively 
demonstrated. It has been assumed 1 that the immediate precursor 
of melanin in mammalian skin is 3-1 dihydroxy-phenylalanin 
(“dopa”) which becomes oxidized to melanin by an intracellular 
specific oxidase present only in normal functioning melanoblasts. 
The question has remained unsettled from where this dopa may 
originate; whether it is formed from tyrosine in the blood' or in the 
skin. 

A mow 3 demonstrated the formation of dopa by exposure of tyro- 
sine solutions to ultraviolet radiation. As shown in our laboratory, 
this process needs a strikingly long irradiation time, namely S-30 
times as much as necessary for slightest pigmentation of human 
skin. In the presence of ferrous salts, however, the formation of 
dopa from tyrosine by ultraviolet irradiation is accelerated to such 
a degree that it may serve as a model of the biologic formation of 
dopa in human skin. 

Samples containing mixtures of tyrosine and ferrous salts, 
irradiated with 1-3 “threshold erythema doses” yield measurable 
amounts of dopa but no melanin. When such irradiated samples are 
kept in the dark, progressively increasing amounts of precipitated 
melanin are formed after 16-24 hours. In this way the latent period 
of pigment formation in human skin is simulated by the in vitro 
experiments. 

The late formation of melanin occurs for the greatest part at the 

1 Blocli, ISr., Jadassohn's Uandb. <i. Hast. u. Gcschllr.. VJJ7, 1, 534. 

- Itorlmun, S., f. d. gcs. cap. Med., 19J3, ;U), 31»S. 

3 Ansovr, L. E„ J. Biol. Chen., 1037, 1UO, 151. 
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increases as the period after adrenalectomy increases. This is in 
marked contrast to the behavior of untreated adrenalectomized 
animals, in which there is an increased excretion of sodium. The 
excretion of radioactive potassium in the adrenalectomized animals 
of this group was essentially the same as that of the control animals; 
as stated above the untreated adrenalectomized animal excretes a 
diminished amount of potassium. It can be noted that the excretion 
of body sodium and potassium bears a definite correlation to the 
excretion of radioactive sodium and potassium. 

Increasing the amount of NaCI administered to adrenalectomized 
rats beyond an optimal level, proved to be injurious as described 
in the preceding communication. 2 However, these high doses of 
NaCI enabled the adrenalectomized rat to continue to excrete radio- 
active sodium and potassium like normal controls. These data are 
given in Table II. The animals in Group I of Table II received 

TABLE II. 

Urinary Excretion of Na and K in Adrenalectomized Rats on High NaCI Intake. 

Sodium Potassium 


E« 


Days post-adrcualeetomy 

Na'-O 

20th 

% 

Total Na 
20tli 
mg 

^ 12th 
% 

2Ath 

% 

Total K 
24th 
mg 

Group I (-1 cc 5% NaCI Ax 
daily = 400 mg 
Adrenalectomized rats 

30.2(5) * 
(33.0-A0.0) t 


3.6(5) 

(7.8-S.8) 

9.2(5) 

(8.A-10.A) 


Normal rats 

35.0(10) 

(30.S-A2.1) 

— 

9.7(5) 

(8.A-11.5) 

— 

— 

Group II (A cc 5% NaCI Ax 
daily = 300 mg) 

Adrenalectomized rats 31.0(5) 

89(5) 

8.9(5) 

10.0(3) 

39(3) 


(27.2-37.5) 

(85-DA) 

(8.8-10.0) 

(9.5-10.4) 

(36-43) 

Normal rats 

30.0(3) 

S3(3) 

7.7(3) 

9.4(3) 

40(3) 


(33.0-37.5) 

(79-88) 

(G.A-S.8) 

(9.1-9.5) 

(36-43) 


•Animals per group in pareutlieses. 
tRango of values. 


400 mg NaCI administered in a Sfo NaCI solution, in addition to 
about 245 mg of NaCI in the food. As described previously, 2 these 
animals continued to grow and remained in a healthy condition. 
Those of Group II received 800 mg of NaCI in addition to approxi- 
mately 245 mg of NaCI in the food. The adrenalectomized animals 
of this group were all dead by the 28th post-operative day. How- 
ever, in both groups of adrenalectomized rats the excretion of 
electrolytes resembled that of normal rats. The total sodium and 
potassium excreted showed a definite correlation with the percent 
of radioactive sodium and potassium excreted. 
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Free and Combined Sulfanilamide in Material Drained from the 
Human Biliary Tract. 

Roger S. Hubbard and Richmond K. Anderson. 

From, the University of Buffalo School of Medicine and the Edicard J. Meyer 
Memorial Hospital, Buffalo, A'. I'. 


The concentrations of free and of combined (presumably acetyl) 
sulfanilamide have been determined in the material collected through 
T-tubes inserted in the bile ducts of human subjects after operations 
upon the biliary system. Bile was clarified by a mixture of tri- 
chloracetic and phosphotungstic acids. Free sulfanilamide was de- 
termined by the method of Marshall and Litchfield 1 after the addition 
of acetone to the filtrate from the pigments etc. removed by this 
procedure. In the determination of combined sulfanilamide, the 
filtrate was treated with hydrochloric acid and hydrolized for an 
hour in a boiling water bath before the diazo reaction was carried 
out. Both free and acetyl sulfanilamide* were added to the bile 
and were recovered quantitatively by this procedure, but the method 
of precipitating could not be considered as wholly satisfactory, tor 
a trace of pigment (apparently biliverdin) was present after treat- 
ment in a fair number of specimens from some of the patients 
studied. The method of Marshall and Litchfield was also used in the 
study of urine specimens collected simultaneously with the bile from 
a number of the patients. Blood analyses were carried out by the 
technique of Bratton and Marshall. 2 

Although the clarification of some of the bile specimens was not 
satisfactory the results of 10 studies upon 5 patients agreed closely 
together, and justify the following statements. There was no com- 
pound in the clarified bile which gave a reaction with the diazo 
technique used. Shortly after one to 2 g of sulfanilamide were 
given by mouth, the free drug appeared in the bile draining from 
the T-tube, but regularly in a concentration lower than that present 
in the blood. This finding differs from results previously reported 
upon human bile from the gall bladder 2 for the concentration of 
free sulfanilamide in such material is frequently higher than it is 

1 Marshall, E. K., Jr., and Litchfield, J. T., Science, 193S, S3, S3. 

* The acetyl sulfanilamide used was a synthetic product furnished through the 
courtesy of the National Aniline and Chemical Company. 

2 Bratton, A. C., and Marshall, E. K., Jr., J. Biol. Chen., 1939, 1138, 331. 

3 Bettman, It., and Spier, E., Puoc. Soc. Exv. Btot- .van Med., 1939, 11, 4o3. 
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expense of dopa which has been formed during the radiation. How- 
ever, in a few instances a slight decrease of tyrosine and a transitory 
increase of the dopa concentration could be observed within 1-2 
hours after irradiation. This “after effect” of irradiation may be 
due to formation of rather stable peroxides by ultraviolet rays. 

In tyrosine-ferrous salt mixtures the dopa concentration increases 
with continued irradiation to a certain maximum. If 50 mg % 
tyrosine solutions are irradiated this maximum amounts to about 
5 mg c /o. Later, in spite of continued irradiation, the dopa con- 
centration remains unchanged because dopa formation and oxidation 
of dopa to melanin keep balance with each other. Or, the dopa con- 
centration decreases because more melanin than dopa is formed. 

In long-lasting irradiation experiments it was found that in spite 
of a steady decrease of the tyrosine concentration the amount of 
melanin produced does not exceed a certain maximum. This is due 
to a decomposition of melanin into lighter colored, soluble products 
by the continued irradiation. 

For clinical actinotherapy this finding indicates that after maximal 
pigmentation has been reached, continued irradiation does not pro- 
duce a static but a dynamic equilibrium in which pigment formation 
and decomposition are kept in balance. Some clinicians have claimed 
that ultraviolet light treatment should be administered intermittently 
in order to assure an optimum therapeutic effect by “depigmentation 
periods.” The experimental results, however, seem to obviate the 
necessity of such a procedure, and it appears justified to continue 
sunshine treatment in patients who already are tanned to a maximum, 
because biologic action of the rays continues. 

Ultraviolet radiation acts on tyrosine in presence of ferrous salts 
similarly to tyrosinase in every detail. This fact supports the 
assumption that in mammals too, in which tyrosinase is not present, 
the primary precursor of melanin is tyrosine. The formation of 
dopa may occur in the skin by the action of ultraviolet rays if non- 
specific oxidation catalysts are present. 

Summary. The oxidation of tyrosine to melanin by exposure to 
ultraviolet light in presence of ferrous salts serves as a model of 
pigment formation by sunshine in human skin. Continued irradia- 
tion of tyrosine- ferrous salt mixtures leads to a dynamic equilibrium 
in which formation and decomposition of melanin are kept in balance. 
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Free and Combined Sulfanilamide in Material Drained from the 
Human Biliary Tract. 

Roger S. Hubbard and Richmond K. Anderson. 

From the University of Buffalo School of Medicine and the Eduard J. Meyer 
Memorial Hospital, Buffalo, X. Y. 

The concentrations of free and of combined (presumably acetyl) 
sulfanilamide have been determined in the material collected through 
T-tubes inserted in the bile ducts of human subjects after operations 
upon the biliary system. Bile was clarified by a mixture of tri- 
chloracetic and phosphotungstic acids. Free sulfanilamide was de- 
termined by the method of Marshall and Litchfield 1 after the addition 
of acetone to the filtrate from the pigments etc. removed by this 
procedure. In the determination of combined sulfanilamide, the 
filtrate was treated with hydrochloric acid and hydrolized for an 
hour in a boiling water bath before the diazo reaction was carried 
out. Both free and acetyl sulfanilamide* were added to the bile 
and were recovered quantitatively by this procedure, but the method 
of precipitating could not be considered as wholly satisfactory', for 
a trace of pigment (apparently biliverdin) was present after treat- 
ment in a fair number of specimens from some of the patients 
studied. The method of Marshall and Litchfield was also used in the 
study of urine specimens collected simultaneously with the bile from 
a number of the patients. Blood analyses were carried out by the 
technique of Bratton and Marshall.' 

Although the clarification of some of the bile specimens was not 
satisfactory the results of 10 studies upon 5 patients agreed closely 
together, and justify the following statements. There was no com- 
pound in the clarified bile which gave a reaction with the diazo 
technique used. Shortly after one to 2 g of sulfanilamide were 
given by mouth, the free drug appeared in the bile draining from 
the T-tube, but regularly in a concentration lower than that present 
in the blood. This finding differs from results previously reported 
upon human bile from the gall bladder 5 for the concentration of 
free sulfanilamide in such material is frequently higher than it is 

l Marshall, E. EL, Jr., and Litchfield, J. T., Science, 1935, S 8, S5. 

* The acetyl sulfanilamide used -.vas a synthetic product famished through the 
courtesy of the National Aniline and Chemical Company. 

- Bratton, A. C., and Marshall, E. EL, Jr., J. B:oI. Chen., 1939, 12S, 337. 

aBettmaa, E., and Spier, E., Paoc. Soe. Exp. Biol, axd Med., 1939, 41, -163. 
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expense of dopa which has been formed during the radiation. How- 
ever, in a few instances a slight decrease of tyrosine and a transitory 
increase of the dopa concentration could be observed within 1-2 
hours after irradiation. This “after effect" of irradiation may be 
due to formation of rather stable peroxides by ultraviolet rays. 

In tyrosine-ferrous salt mixtures the dopa concentration increases 
with continued irradiation to a certain maximum. If SO mg % 
tyrosine solutions are irradiated this maximum amounts to about 
5 mg %. Later, in spite of continued irradiation, the dopa con- 
centration remains unchanged because dopa formation and oxidation 
of dopa to melanin keep balance with each other. Or, the dopa con- 
centration decreases because more melanin than dopa is formed. 

In long-lasting irradiation experiments it was found that in spite 
of a steady decrease of the tyrosine concentration the amount of 
melanin produced does not exceed a certain maximum. This is due 
to a decomposition of melanin into lighter colored, soluble products 
by the continued irradiation. 

For clinical actinotherapy this finding indicates that after maximal 
pigmentation has been reached, continued irradiation does not pro- 
duce a static but a dynamic equilibrium in which pigment formation 
and decomposition are kept in balance. Some clinicians have claimed 
that ultraviolet light treatment should be administered intermittently 
in order to assure an optimum therapeutic effect by “depigmentation 
periods.” The experimental results, however, seem to obviate the 
necessity of such a procedure, and it appears justified to continue 
sunshine treatment in patients who already are tanned to a maximum, 
because biologic action of the rays continues. 

Ultraviolet radiation acts on tyrosine in presence of ferrous salts 
similarly to tyrosinase in every detail. This fact supports the 
assumption that in mammals too, in which tyrosinase is not present, 
the primary precursor of melanin is tyrosine. The formation of 
dopa may occur in the skin by the action of ultraviolet rays if non- 
specific oxidation catalysts are present. 

Summary. The oxidation of tyrosine to melanin by exposure to 
ultraviolet light in presence of ferrous salts serves as a model of 
pigment formation by sunshine in human skin. Continued irradia- 
tion of tyrosine-ferrous salt mixtures leads to a dynamic equilibrium 
in which formation and decomposition of melanin are kept in balance. 
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Free and Combined Sulfanilamide in Material Drained from the 
Human Biliary Tract. 

Roger S. Hubbard and Richmond K. Anderson. 

From the University of Buffalo School of Medicine and the Edward J. Meyer 
Memorial Hospital, Buffalo, X. Y. 


The concentrations of free and of combined (presumably acetyl) 
sulfanilamide have been determined in the material collected through 
T-tubes inserted in the bile ducts of human subjects after operations 
upon the biliary system. Bile was clarified by a mixture of tri- 
chloracetic and phosphotungstic acids. Free sulfanilamide was de- 
termined by the method of Marshall and Litchfield 1 after the addition 
of acetone to the filtrate from the pigments etc. removed by this 
procedure. In the determination of combined sulfanilamide, the 
filtrate was treated with hydrochloric acid and hydrolized for an 
hour in a boiling water bath before the diazo reaction was carried 
out. Both free and acetyl sulfanilamide* were added to the bile 
and were recovered quantitatively by this procedure, but the method 
of precipitating could not be considered as wholly satisfactory, for 
a trace of pigment (apparently biliverdin) was present after treat- 
ment in a fair number of specimens from some of the patients 
studied. The method of Marshall and Litchfield was also used in the 
study of urine specimens collected simultaneously with the bile from 
a number of the patients. Blood analyses were carried out by the 
technique of Bratton and Marshall. 2 

Although the clarification of some of the bile specimens was not 
satisfactory the results of 10 studies upon 5 patients agreed closely 
together, and justify the following statements. There was no com- 
pound in the clarified bile which gave a reaction with the diazo 
technique used. Shortly after one to 2 g of sulfanilamide were 
given by mouth, the free drug appeared in the bile draining from 
the T-tube, but regularly in a concentration lower than that present 
in the blood. This finding differs from results previously reported 
upon human bile from the gall bladder 3 for the concentration of 
free sulfanilamide in such material is frequently higher than it is 

l Marshall, E. K., Jr., and Litchfield, J. T., Science, 193S, 88, S3. 

* Tho acetyl sulfanilamide used was a synthetic product furnished through the 
courtesy of the National Aniline and Chemical Company. 

~ Bratton, A. C., and Marshall, E. K., Jr., J. Biol. Chcm., 1939, 128 , 53*. 

3 Bettman, B., and Spier, E., Pnoc. Soc. Ext’. Biol, asd Meu., 1939, - 11 , 403. 
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table i. 

Concentration of Sulfanilamide in Urine, Blood and Drainage from the Biliary 

Tract. 

Period Fluid drained from biliary tract Blood Urine 

4 kr each Apr. 0 Apr. 11 Apr. 14 Apr. 11 Apr. 14 

Apr. 14 

Concentration of sulfanilamide — mg per 100 cc. 

Free Total Freo Total Free Total Free Total Free Total 


Before 

— — 0.00 0.00 — — 

2 g (xxx grains) of sulfanilamide given by mouth. 

— 

— 

1st after 

0.7C 0.70 1.G0 

1.60 1.77 1.75 2.87 3.70* 
2.25 4.701 

14.3 

23.0 

2nd 

» > 

1.35 1.77 1.72 

2.11 0.40 0.42 { 

30.8 

45.2 

3rd 

> f 

1.40 1.08 — — 1.45 1.84 

2 g (xxx grains) of sulfanilamide given by mouth. 

27.0 

29.7 

4 tli 




— 1.58 1.74 1.80 2.50* 

20.8 

37.7 

5th 

j i 



— 1.92 2.54 

19.0 

29.9 

fith 

tf 



— 2.37 2.96 

18.1 

22.3 

7 th 

t f 



— 2.56 3.20 

26.0 

32.3 


•Blood collected April 11, 1040 

tBlood collected April 14, 1940. 

{About 5 cc of very thin bile drained from the tube during this 4-hour period. 

The time of the 4-hour periods of collection (before, 1st after, etc.) is calcu- 
lated from time when the first dose of sulfanilamide was administered. 

The blood specimens were collected at the mid-points of tho 4-hour periods 
against which they arc recorded. 

in the blood. Later, the free sulfanilamide in our experiments 
approximated more nearly the concentration in the blood, as would 
be expected from the water content of the two fluids 1 but the rela- 
tionship was not directly proportioned to the water content. Sul- 
fanilamide could be demonstrated in the bile 24 hours after 2 g had 
been taken by mouth. 

During the first 4 hours after the administration of such single 
doses as were used in these experiments, no demonstrable amount of 
combined form of the drug could be demonstrated in the bile, 
although both free and combined forms were found in the blood 
during this period. After 4 hours, both compounds were present, 
although the concentrations of the combined forms were small, 
for only 10 to 20% of the total sulfanilamide occurred as the 
combined derivative at periods when analyses of blood and urine 
showed that approximately half of the total sulfanilamide reacted 
with the diazo reagents only after acid hydrolysis. If acetyl sul- 
fanilamide is formed in the liver, as current experimental work 
indicates 5 it is apparently not discharged in large amounts directly 
into the bile. 

^ Marshall, E. K., and Cutting, W. C., J. Am. J ted. Assiu, 1937, 108, 953; 

J. Pharm. Exp- Therap., 1937, 01, 19G. 

5 Harrig, J. S., and Klein, J. R., Proc. Soc. Exp. Biol, and Med., 1938, 38, 781 ; 
Klein, J. R., and Harris, J. S., J . Biol. Cliem., 1938, 1154, 613. 
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The findings described above, except the presence in the bile 
for 24 hours of appreciable amounts of free and combined sul- 
fanilamide, are illustrated in the results of these experiments upon 
one subject shown in the table. As already stated, these results are 
essentially similar to studies made upon 4 other subjects. The 
experiment presented also shows that when a second dose of sul- 
fanilamide was ingested at a time when the drainage from the 
biliary tract contained the drug in both the free and the combined 
forms, the increase in the amount of the total compound was largely 
or wholly in the free state. In the urine on the other hand, the 
larger proportion of the increase was the combined (acetyl) deriv- 
ative. 
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Occurrence of Precipitation Zones in Mixtures of Serum and 
Sodium Desoxycholate ; Significance in Pneumococcolysis.* 

Samuel Charles Bukantz,* Paul F. de Gara* and 
Jesse G. M. Bullowa. 

From the Medical Service, Uarlcm Hospital, Department of Hospitals, Xew York 
City, and the Littaucr Pneumonia Research Fund, Xcw York University College 

of Medicine. 

Observations by Ransom, 1 Bayer, 2 Sellards, 5 Ponder, 4 and 
Williams 5 have shown that the lysis of red cells by bile salts is in- 
hibited in the presence of serum. Wieland,® and Donnelly and 
Mitchell 7 have subjected this fixation of bile salts by serum to 
quantitative study. The latter felt that the bile salt-serum reaction, 
which manifested the Danysz effect, was one of adsorption rather 

* Tliis study received additional financial support from the Metropolitan Life 
Insurance Company, and from Mr. Bernard M. Baruch, Mr. Bernard M. Baruch, Jr., 
Mis3 Belle N. Baruch, and Mrs. II. Robert Samstag. 
t Littauer Fellow in Pneumonia Research, 
t Dazian Fellow. 

t Ransom, F., Deutsche Med. Wochenschr., 1901, 27, 194. 

- Bayer, G., (a) Biochcm. Z., 1907, 5, 3GS ; (b) idem., 190S, 9, 3S. 

3 Sellards, A. W., J. H. IIosp. Bull., 190S, 19, 90S. 

4 Ponder, E., Proc. Roy. Soc., B., 1929, 93, SO. 

s Williams, J. \V., Proc. Soc. Exp. Biol, and Med., 1932, 29, 910, 91S. 
a \\ ieland, H., }\aunyn-Schmiedcberq, Arch. Pharm. un<J cep. Filth., 1920, 
SO, 79, 92. 

7 Donnelly, J. L., and Mitchell, A. G., ,1m. J. Phyniol., 1927, 79, 297. 
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than of chemical combination. They demonstrated that the reaction 

& 

quantitatively followed the adsorption equation, — = K. This, 

C 

however, according to Sobotka, 8 is not appreciably different from 

aB 

the earlier mass action formulation of Wieland, = K. Carl- 

(A-a) 3 . . 

infante, 0 has recently reported the occurrence of turbidity in mix- 
tures of 5% human serum and diluted ox bile. In his experience, 
turbidity did not occur with dilutions of bile greater than 1 to 40. 

During the course of experiments dealing with the quantitative 
determination of pneumococcal capsular polysaccharide in lysates, 
we noted certain irregularities in the clearing of 4% serum broth 
cultures (Pn. Ill) by solutions of sodium desoxycholate. Portions 
of this culture had been diluted 1 to 2 with broth containing the 
desired concentration of sodium desoxycholate, so that the final 
mixture contained horse serum in a 2 °fo concentration. Under 
these conditions cultures containing concentrations of desoxycholate 
ranging between approximately 1 and 2 mg per ml failed to clear 
after several hours at 37° C and overnight refrigeration while with 
several higher and lower concentrations the same cultures cleared 
completely in one half hour at 37° C. (Table I). Smears and 
cultures from the turbid fluids containing 1 to 2 mg per ml of 
desoxycholate, however, failed to reveal bacteria. 

The reactions were, therefore, repeated with plain as well as 
serum broth cultures. The middle zone of turbidity did not de- 
velop with plain broth cultures nor did control tubes of plain 
broth, without organisms, become turbid in the presence of .those 
concentrations of desoxycholate employed in the lysis studies. The 
pneumococci grown in serum-broth were washed 3 times in saline 
and one-half the sediment resuspended in plain saline and the other 
half in 4% serum saline. These were also diluted 1 to 2 with broth 
containing various concentrations of sodium desoxycholate. The 
plain saline suspension cleared completely with concentrations of 
sodium desoxycholate up to and including 1-2500; the serum saline 
suspension became turbid in the same zone encountered with the 
unwashed serum broth cultures. Control tubes with a final con- 
centration of 2^o serum became turbid in the identical zone. 
(Table II). 

We employed the technique of Donnelly and Mitchell/ mixing 
varying concentrations of sodium desoxycholate with 2^c horse 

8 Sobotka, II., Physiological Chemistry of the Bile, Williams anil Wilkins, 
Baltimore, 1937, page 131. 

a Ca.-linfante, E., Spcrimcntalc, Arch, di Biol., 1933, 02, 8. 
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flicting opinions regarding the influence of serum on the lysis of 
pneumococci by bile salts. 11 ’ 1S - 10 

Summary. Turbidity and flocculation developed in 2% horse 
serum broth containing concentrations of sodium desoxycholate 
between 1.2 and 2.4 mg per ml at a pH of 7.3 and cleared on the 
addition of an excess of sodium desoxycholate. Apparent failures 
of lysis of serum broth cultures of pneumococci were due to the 
occurrence of such turbidity because no bacteria were found in 
these mixtures. 
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Influence of Arsenicals, Bismuth and Iron on the Plasma 
Ascorbic Acid Level. 

Chester J. Farmer, Arthur F. Abt axd Haxs C. S. Aroxl 

From the Departments of Chemistry and Pediatrics, Xorthicestern University 
Medical School , Chicago, the U. S. Public Health Service, and the Department of 

Health, Chicago. 

Several reports indicate that the poisonous effects of a number 
of drugs like benzene, lead. 1 phenvlcinchoninic acid, 2 and glycerol 3 
and especially the arsenicals 1 may be counteracted successfully by 
giving suitable doses of ascorbic acid. 

From examination of the urine Dainow 4 concluded that patients 
who showed symptoms of intolerance to arsenicals were in a state 
of hypovitaminosis C. By administration of ascorbic acid, these 
hypersensitive patients became able to tolerate neoarsphenamine. 
Other investigators'"' 11 reporting similar observations, emphasize 

15 Boecker, E., and Kauffmann, F., Bakteriologische Diagnostic, 1st Ed., 1931, 
Berlin, J. Springer, p. 71. 

1,1 Park, \V. II.. and Williams, A., Pathogenic Microorganisms, 10th Ed., 1933, 
I.ea and Febiger. Pliila., p. 333. 

* Abt, A. F.. and Farmer, Chester J., The Vitamins, Chapter XXII. American 
Medical Association, Chicago, 1939. 

- Berti Ilotti, L., Minerva, Medic., 1939, 30, 234. 

3 Pfeiffer, C., and Amove. T.. Pkoc. Soc. Exp. Biol, and Med.. 1937, 37, 407. 

4 Dainbovv, T., Prissc mid., 1937, -13, 1070; Annal. Dtrr.uit. et Syphil., 1939, 
10, 139. 

•' Lamliiseh, S„ Polska gas. l,k.. 1937, 10. 373: J. .1. JI. .1.. 1937, 109, S34. 

0 Contiia, F. E.. Car.ad. Mid. Assn. J., 1937, 30, 392. 

4 Monte-ano quuted by Bertellotti.7 
s Biss quoted by Dainovv.4 
0 Tibor, S.. On., si H.tilap, 1939, 83. all. 

I” Santiago. A.. Zll. Hast und Cr-rld. Krih.. 193a, OO, 71. 

11 Tak.iL.ishi qm.tid by Bertellotti.- 
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serum broth to a constant volume of 5 ml.$ Table III shows the 
development of turbidity and flocculation in these mixtures and in 
the control tubes. Turbid fluids were not cleared by centrifugation 
at 2,000 rpm for 20 minutes nor by boiling. Addition of 3 % 
acetic acid precipitated the bile salt. Normal NaOH in excess 
cleared the turbid mixture. 

It will be noted in Table III that a 2^£> horse serum broth re- 
mained clear in the presence of 4 mg per ml of sodium desoxycho- 
late while a tube containing 2 mg per ml became turbid promptly 
and had developed fine flocculation after standing overnight. To 
5 ml of the turbid solution containing 2 mg per ml of the bile salt 
an additional 10 mg of dry sodium desoxycholate was added. There 
was prompt and complete clearing of the solution. The addition 
of an excess of serum to another turbid fluid failed to clear the 
mixture. The pH of the solutions containing 2 and 4 mg per ml of 
sodium desoxycholate, respectively, was determined with the 
quinhydrone electrode and both were found to be at 7.3. An altera- 
tion of pH was apparently not the factor responsible for the clearing. 

We have also observed that solutions of sodium desoxycholate 
of greater than 2.0. mg per ml concentration, either in broth or in 
phosphate buffer near neutrality, gelled after standing at room 
temperature. This gelation occurs in the absence of serum and, as 
was also noted by Schaub and Reid, 10 disappears on warming. 
Preliminary observations apparently indicate that gelation is more 
rapid and complete at neutrality than it is on the alkaline side of 
neutrality. The occurrence of this gel in cultures containing bile 
salts at a pH of 6.8 has been previously described by Mair 11 and is 
an evidence of their colloidal character of which others have been 
described. 1 * 1S_M 

The present observations indicate that serum interferes with the 
interpretation of lysis in the presence of certain concentrations of 
sodium desoxycholate. However, several text-books offer con- 

$ Tlio reactions were unaffected when a Sorensen phosphate buffer at a pH of 
7.3 was substituted for peptone broth as diluent. Stock powdered sodium 
desoxvcholate did not dissolve in broth until heated to G5°C. After evaporation 
from alcohol, however, rapid solution took place at room temperature. The pH 
of the mixture of serum with the highest concentration of desoxycholate employed 
was 7.3, determined with the quinliydrono electrode. 

to Schaub, I. G., and Reid, R. D., J . A. .If. A., 1938, 111, 1285. 

11 Mair, W., in A System of Bacteriology, Med. Res. Council, 192 9, London, 

Vol. II, pago 108. 

12 Achard, C., Boutaric, A., and Berthier, P., Compt, Bend. Acad. Sci. (Pans), 
1937, 204, 1049. 

13 Bashour, J. T., and Bauman, L., J. Biol. Chem., 1937, 121, 1. 

14 Roepke, K. R-, and M3son, H. L., J. Biol. Chem., 1940, 133, 103. 
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or above). When showing severe symptoms of intolerance, a 
decline of the plasma level occurred in spite of the oral administra- 
tion of ascorbic acid during treatment. It was frequently observed 
that a marked lowering of the plasma level followed the adminis- 
tration of neoarsphenamine in patients showing no intolerance to 
the drug ( Fig. 1 ) . 

When bismuth was given in doses routinely used for antiluetic 
treatment, no appreciable effect was observed either on the plasma 
ascorbic acid or hemoglobin levels. 

Striking effects were observed on the administration of ferrous 
sulphate (Feosol§). Doses smaller than 6 grains daily were in- 
effective. However, 6 grains or more caused a sharp drop in the 
plasma ascorbic acid level as will be seen from Fig. 2. 

Exactly the same type of response was observed when ferrous 
sulphate was given to 12 patients receiving bismuth therapy. The 
greatest drop in plasma ascorbic acid level occurred in patients taking 



Patients who were at a rest period and did not receive antiluetic treatment 
wore given iron orally in the form of ferrous sulphate tablets, each 

containing 3 grains of ferrous sulphate). The hemoglobin rose in every case 
examined. However, when the ilosage of ^Fenso!** amounted to J or more tablets 
per it ay there was a sharp drop in the plasma ascorbic acid level in G out of the 
T patients. 

$ Ue are indebted to i>nnth. Klein and French Laboratories, Philadelphia, for u 
liberal supply of Feosol Tablets. Kaeh tablet contains 3 grains of ferrous sulphate. 
The other ingredients are of no significance here. 
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the fact that in certain hypersensitive cases ascorbic acid gave 
favorable results after other methods of detoxification such as the 
administration of glucose, invert sugar, and calcium or sodium 
thiosulfate had failed. 

After a suitable method for determining plasma ascorbic acid 
had been developed, studies were commenced in 193S on syphilitic 
patients showing symptoms of intolerance to arsenicals. A more 
extended systematic study of this problem was recently made pos- 
sible in connection with our Nutritional Survey of the syphilitic 
patients attending the Municipal Social Hygiene Clinic, Chicago.* 

It was noted early in the work that patients hypersensitive to 
neoarsphenamine in whom treatment had to be discontinued because 
of severe reactions? required exceedingly large oral doses of ascorbic 
acidf to bring their plasma levels up to optimal values (1.0 mg % 

“ “ FIG- /. 

INFLUENCE OF NEOARSPhENAMiNE THERAPY ON HEMOGLOBIN 
AND 8LCCO ASCORBIC ACID LEVEL 

LEGEND 

HEUOGLG&N M GRAMS 

. , ASCCftBJC ADO BLQCQ LEVEL IN 



NO 3l6 NO 372 NO ?97 NO 378 NO 493 NO 312 NQ 442 

7 YRS, 9 YRJ 9 YRS I|'y«S 23 tRS 40 YRS 30 YRS 

f 32 LBS U 49 LBS F 50 LSS M 63 L8S F t24 LBS. F M3 L0S F 98 LBS 
028 NED Q 02 NCO -0*9 NEO OU N£0 0 04 NEO 087 NEO 022 »£0 
0*7 & 0*0 0. 023 Q, . C58 8> 


These data demonstrate that neoarsphenamine (in contrast to bismuth) exerts 
a depressive action on the plasma ascorbic acid level. In G out of the 7 eases a 
distinct decrease in the plasma level occurs. The hemoglobin is but slightly affeeteu. 

* We are indebted to Dr. 0. C. Wenger, Senior Surgeon, U. S. Public Health 
Service, and to Dr. Herman N. Bundesen, President of the Chicago Board of 
Health, for the facilities and opportunity of studying patients attending the 
Municipal Social Hygiene Clinic. We also wish to acknowledge the cooperative 
assistance of Dr. G. G. Taylor, Director of the Clinic. 

* These reactions consisted of nausea, vomiting, fever, dermatitis, and in one 

case hepatitis. 

t We are indebted to Merck and Company, Inc., Kahway, N. J., for a generous 
supply of Cebione (ascorbie acid) used in this investigation. 
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or above). When showing severe symptoms of intolerance, a 
decline of the plasma level occurred in spite of the oral administra- 
tion of ascorbic acid during treatment. It was frequently observed 
that a marked lowering of the plasma level followed the adminis- 
tration of neoarsphenamine in patients showing no intolerance to 
the drug (Fig. 1). 

When bismuth was given in doses routinely used for antiluetic 
treatment, no appreciable effect was observed either on the plasma 
ascorbic acid or hemoglobin levels. 

Striking effects were observed on the administration of ferrous 
sulphate (Feosol§). Doses smaller than 6 grains daily were in- 
effective. However, 6 grains or more caused a sharp drop in the 
plasma ascorbic acid level as will be seen from Fig. 2. 

Exactly the same type of response was observed when ferrous 
sulphate was given to 12 patients receiving bismuth therapy. The 
greatest drop in plasma ascorbic acid level occurred in patients taking 



Patients who were at a rest period and did not receive antiluetic treatment 
worn given iron orally in the form of ferrous sulphate (“Fecse!” tablets, each 
containing 3 grains of ferrous sulphate). The hemoglobin rose in every case 
examined. Hon ever, when the dosage of 4 ^00301” amounted to J or more tablets 
per day there was a sharp drop in the plasma ascorbic acid level in 6 out of the 
7 patients. 

$ \S e are indebted to Smith, Klein and French Laboratories, Philadelphia, for a 
liberal supply of Feosol Tablets. Each tablet contains 3 grains of ferrous sulphate. 
The other ingredients are of no significance here. 
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ferrous sulphate while receiving neoarsphenamine. These data are 
presented in Fig. 3. It should be emphasized that in spite of this 
cfecfine in pfasma ascorbic acid level the hemoglobin rose in prac- 
tically every case. This observation is in good accord with the 
findings of Moore, Bierman and Minnich, 12 who noted a definite 
decrease in plasma ascorbic acid following a rise in serum iron and 
hemoglobin after ingestion of large amounts of ferrous or ferric 
salts. 

Our observations suggest 3 types of action of drugs containing 
heavy metals on plasma ascorbic acid. Bismuth is without influence. 
Iron causes a marked decrease, which may be of significance in 
rapid hemoglobin formation. Arsenic in drugs as neoarsphenamine, 
lowers plasma ascorbic acid, which in some cases may be an attempt 
on the part of the organism to detoxify the drug. As evidence of 
detoxification, patients previously hypersensitive to arsenicals have 
been permitted to resume treatment upon administration of suitable 
doses of ascorbic acid, when the optimal plasma level was attained. 
Repeated plasma analyses must be made to determine the amount 
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These data present the simultaneous action of neoarsphenamine and Feosol on 
nlasuia ascorbic aeid level and hemoglobin. It will be seen that plasma ascorbic 
acid values dropped from fairly normal to decidedly low levels. The hemoglobin, 
on the other hand, rose more or Jess in every case. 

12 Moore, C. V., Bierman, H., and Minnich, V., Centr. Soe. Clinic. Kes., 12th Ann. 
Meet., 1939. 
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of ascorbic acid required for maintenance of the optimal plasma 
level during treatment. In conclusion our data indicate the necessity 
for a high ascorbic acid intake during certain types of medication 
with heavy metal compounds, to meet excessive requirements either 
for physiological demands, or for detoxification of drugs in certain 
cases before therapeutic levels can be attained. 

We wish to acknowledge our indebtedness to H. J. Fagen and 
J. Meyer for much of the analytical data reported here. 
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Respiratory Metabolism of Pigeons after Adrenalectomy and its 
Increase by Prolactin. 

Oscar Riddle and Guinevere C. Smith. 

From the Carnegie Institution of Washington, Station for Experimental Evolution, 
Cold Spring Harbor, .V. T. 

Recent experience in the maintenance of adrenalectomized animals 
in fair or good condition without use of cortical hormones gives 
new interest and value to measurement of the basal metabolism 
of such animals, and the adrenal-pituitary relationship is now the 
subject of much investigation. The pigeon has been found useful 
in such studies. It seems to survive complete adrenalectomy readily, 
though it is best to do the operation in two stages and to inject 
desoxycorticosterone just before the second operation; thereafter 
pigeons maintain themselves well without special nutritional or 
hormonal supplements. Repeated metabolism measurements have 
been made on 12 such pigeons of various races (both sexes) and 
on 4 of these birds the ability of prolactin to increase the B.M.R. 
was demonstrated. 

Thirty measurements made at 30 'C indicate that adrenal re- 
moval in pigeons has little effect on heat production; a decrease of 
6% was found. Measured at 25 C C this decrease was also 6%. 
Respiratory quotients obtained after a 24-hour fast were the same 
in operated (0.73) and intact pigeons. In 10 tests made on birds 
from which a single adrenal was removed no significant effect was 
observed. The effect of adrenalectomy on the metabolism of the 
bird is thus found to be less though similar in direction to that 
previously reported by others for certain mammals. Interpretation 
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of depressions noted in most mammalian tests is usually obscured 
by the regimen imposed to insure survival or by poor condition of 
the animals. In pigeons it seems probable that the observed small 
decrease in B.M.R. was the indirect result of some (presumptive) 
reduction in bodily activity and of some protection against low 
temperature. One thyroidectomized pigeon showed a 10% decrease 
in metabolism following adrenalectomy. Body weights may be 
well maintained for at least a few months. Measurements were 
made at intervals varying from 2 days to 4 months after operation. 

Four adrenalectomized pigeons with an average B.M.R. of 3.78 
calories per kilo-hour were injected with 5 mg (20 units) prolactin 
daily for 3 days. The heat production of these 4 birds was then 
+7, +34, +51 and +56. The preparation used (495H2) had 
been heated to 60 Q C, at pH S.0, for 5 hours. This treatment should 
have been particularly adverse to glycotropic and growth factors 
if they were present. The prolactin used gave no apparent increase 
in dove thyroids, and contained little FSH. One of the 4 pigeons 
used in this test was completely thyroidectomized, and had previously 
shown no increase in B.M.R. after 5 and 8 daily injections of 4 mg 
of a prolactin-free preparation of thyrotropic hormone. In this 
thyroidectomized-adrenalectomized pigeon prolactin increased the 
B.M.R. by 34%. Earlier studies 1 ’ 5 have shown that prolactin 
increases the B.M.R. of hypophysectomized and thyroidectomized 
pigeons when measured at 30° C. Contrary to an earlier assumption 2 
the present tests indicate that this action of prolactin is not mediated 
in part by the adrenals. 

i Riddle, O., Smith, G. C., Bates, R. \V., Moran, C. S., and Lalir, E. L., 
Endocrinol., 193G, 20, 1. 

- Riddle, O., Smith, G. C., and Dotti, L. B., Am. J. Physiol., 1938, 123, 171. 
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Cyanosis Produced by Anastomosis of Pulmonary’ Artery to 

Left Auricle. 

Milton' Mexdlowitz and Alan Leslie. 

(Introduced by G. Shwartzman.) 

From the Laboratories of the ilounl Sinai Hospital, Xetc Fori: City. 

Cyanosis, such as occurs in congenital heart disease, is caused by 
a shunt of unoxygenated blood from the right side of the heart to 
the left. In order to reproduce this experimentally, it is apparent 
that a communication must be made at a point where unoxygenated 
is at a higher pressure than oxygenated blood. The only surgically 
accessible site for this procedure is the point of contiguity of the 
main and left pulmonary artery on the one hand, and the pulmonary 
vein or the left auricular appendage on the other. It was found 
that because of its relatively small size, the pulmonary vein could 
not be used. 

The procedure therefore employed is as follows : A large dog 
anesthetized with sodium pentobarbital is placed on its right side, 
artificial respiration being maintained by intermittent positive 
pressure insufflation via a trans-oral tracheal cannula. An incision 
is made in the fourth left intercostal space, the ribs retracted, and 
the lung packed posteriorly. The pericardium is then incised 
posterior and parallel to the phrenic nerve, thereby exposing the 
site for the anastomosis. After isolation of the left pulmonary artery 
by dissection, an especially designed U-shaped serrefine is placed 
longitudinally on the main and left pulmonary artery. Blood flow 
to the right lung is not impaired by this maneuver. A rubber 
covered short intestinal clamp is then applied to the base of the left 
auricular appendage. Parallel incisions are now made in the iso- 
lated portions of the artery and auricle, which are anastomosed with 
a vaselinized arterial silk suture on an atraumatic needle. Approxi- 
mation of intima to endocardium is accomplished by the use of an 
everting, continuous mattress suture. After the operation the 
animal is heparinized, according to the method of Murray, ct al. 1 

Ibis procedure has been performed successfully in 3 dogs, in 
each of which pronounced cyanosis of the tongue and depression of 
the oxygen content of the arterial blood were observed. Long term 
observations on these animals, as well as further experiments are 
now in progress. 

I Murray, t>. W. Cf., Jaijms, L. IL, I’cmtt, T. ami C. H„ Su r.;rr</, 

1037, U, 163. 
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Diuretic Effect o£ Progesterone.* 

Hans Selye and Lucy Bassett. 

From the Department of Anatom;/, McGill University, Montreal, Canada. 


In tile course of various experiments in which progesterone had 
been administered to normal and hypophysectomized rats we ob- 
served that this compound greatly increases urine output. We 
felt that an action of the corpus luteum hormone on diuresis may 
perhaps throw some light on the cause of the changes in water 
metabolism observed during normal and pathological pregnancies. 
Therefore this effect has been subjected to a quantitative analysis in 
normal and hypophysectomized rats whose urine was collected 
daily in metabolism cages. 

Twenty-four albino females with an average weight of 105 g 
have been divided into 4 groups of 6. Group I was hypophysec- 
tomized and then given daily subcutaneous injections of 10 mg of 
progesterone in 0.4 cc of peanut oil. Group II was hypophysectomized 
and given daily subcutaneous injections of 0.4 cc of peanut 
oil only. Groups III and IV remained intact but received the same 
injections as Groups I and II respectively. Since hypophysectomy in 
itself is usually accompanied by a transitory marked diuresis and 
since the animals need some time to become used to life in indi- 
vidual metabolism cages and daily injections, we did not collect 
the urine during the first fortnight. After this however, accurate 
measurements of water intake and output were made on every 
animal during the 6 subsequent days. Table I shows the urine output 
during one day. For the sake of brevity the values obtained on 
other days are omitted since they were essentially the same as those 

TABLE I. 

24-hour Urine Excretion Under the Inllucnce of Progesterone in Normal and 
Hypophysectomized R ats Expressed iii cc. 

Rat No. 12 3 4 5 6 Avg 

I Hypophysectomized progesterone 
treated 

XX Hypophysectomized oil treated 

III Intact progesterone treated 

IV Intact oil treated 

•The expenses of this investigation were defrayed by a grant received from 
the Schering Corporation of Bloomfield, N. J., through the courtesy of Dr. G. 
Stragnell. The progesterone was kindly supplied by Dr. E. Sehweuk of the same 
Corporation. 
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given in the Table. A summary of the average daily output 
throughout the 6-day observation period is given in Graph I. 

W e believe that our experiment dearly indicates that progesterone 
increases the urine output both in intact and in hypophysectomized 
rats. Although the hypophysectomized controls excreted only about 
half as much urine as the normals, the progesterone-treated hypo- 
physectomized animals voided much more than any other group in 
our experiment. The urine output of the individual rats varied 
somewhat from day to day but it was not uncommon for pro- 
gesterone treated hypophysectomized animals to excrete during 24 
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Diuretic Effect of Progesterone.* 

Hans Selye and Lucy Bassett. 

From the Department of Anatomy, McGill University, Montreal, Canada. 

Ill the course of various experiments in which progesterone had 
been administered to normal and hypophysectomized rats we ob- 
served that this compound greatly increases urine output. We 
felt t hat an action of the corpus luteutn hormone on diuresis may 
perhaps throw some light on the cause of the changes in water 
metabolism observed during normal and pathological pregnancies. 
.Therefore this effect has been subjected to a quantitative analysis in 
normal and hypophysectomized rats whose urine was collected 
daily in metabolism cages. 

d wenty-four albino females with an average weight of 105 g 
have been divided into 4 groups of 6. Group I was hypophysec- 
tomized and then given daily subcutaneous injections of 10 mg of 
progesterone in 0.4 cc of peanut oil. Group II was hypophysectomized 
and given daily subcutaneous injections of 0.4 cc of peanut 
oil only. Groups III and IV remained intact but received the same 
injections as Groups I and II respectively. Since hypophysectomy in 
itself is usually accompanied by a transitory marked diuresis and 
since the animals need some time to become used to life in indi- 
vidual metabolism cages and daily injections, we did not collect 
the urine during the first fortnight. After this however, accurate 
measurements of water intake and output were made on every 
animal during the 6 subsequent days. Table I shows the urine output 
during one day. For the sake of brevity the values obtained on 
other days are omitted since the}' were essentially the same as those 

TABLE X. 


24-hour Urine Excretion Under tlie Influence of Progesterone in Normal and 
Hypophysectomized Rats Expressed in cc. 
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* The expenses of this investigation wore defrayed by a grant received from 
the Sobering Corporation of Bloomfield, N. J., through the courtesy of Dr. G. 
Stragnell. The progesterone was kindly supplied by Dr. E. Seliwenk of the same 
Corporation. 
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Effect of Volume Used for Injection in Micro- Assay of Prolactin. 

Robert W. Bates and Oscar Riddle 

From the Carnegie Institution of Washington, Station for Experimental Evolution, 
Cold Spring Harbor , X. Y. 

The local crop-sac method, or micro-method, of testing for pro- 
lactin (intracutaneous injection over the pigeon’s crop) introduced 
by Lyons and Page 1 involves a subjective element and is open to 
still other sources of error; it has, however, the advantage of ex- 
treme sensitivity. Bates and Riddle 2 reported that subcutaneous 
injections over the crop-sac area, though they place the prolactin 
nearer to the responding tissue, are markedly less effective than 
similar intracutaneous injections. Since the micro-method is cur- 
rently used in some laboratories for quantitative assay of prolactin, 
particularly in blood and urine where the concurrent use of 0.1 and 
1.0 ml fluid was once advised, 1 it is desirable to learn the sources 
of error in the use of this method. The present study is concerned 
with the effect of injecting equal quantities of hormone in unequal 
volumes of fluid. 

In the local crop-sac method the intracutaneously injected pro- 
lactin stimulates that area of the crop tissues which lies immediately 
beneath the site of injection. This fact suggests a direct diffusion 
from the injection site. If uncomplicated diffusion is involved one 
would expect the response to be directly proportional to the con- 
centration of prolactin in the solution injected. The crop epithelium 
is the tissue upon which prolactin acts (by causing cell proliferation) 
and in passing from the site of injection to this epithelium the 
hormone must traverse the following very thin structures: lower 
dermis; a layer of loose connective tissue and fat lying between the 
crop and the skin ; the serosa ; and two thin layers of muscle in the 
crop wall. The crop epithelium is in actual contact with ingested 
food and the proliferation induced by prolactin occurs in its basal 
cells. 

When 0.05 ml of liquid is injected intracutaneously over the crop 
it forms a small disk-shaped blister or bleb of fluid, roughly 5 mm in 
diameter and 2 mm in thickness. Similarly 0.5 ml of liquid forms a 
blister 16 mm in diameter and 2 mm in thickness. The relative areas 
are as 1:10, but they have essentially the same thickness. Hence 

i Lyons, W. R., and Page, E., Pkoc. Soc. Ext. Blou and Mm, 19.13. 02, 1049. 

- Bates, R. W., and Riddle, O., I’Eoc. Soc. Ese. Biol, and Med., 1930, 21, M7. 
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hours an amount of urine corresponding to half their body weight. 

Since the water intake was approximately the same as the output 
we did not deem it necessary to include the values for water intake 
in our table. 

It seemed of some interest to establish whether increased urine 
output is merely the result of the increased intake. For this purpose 
15 cc of tap water was administered by stomach tube to each rat and 
then water and food were withdrawn from all animals during 24 
hours. Here again the progesterone-treated animals excreted the 
water more rapidly than the oil-treated controls. This was true 
• both in the case of the intact and the hypophysectomized animals. It 
is of interest however, that 4 out of 6 oil-treated hypophysectomized 
controls succumbed from water intoxication after the administration 
of the relatively large amount of 15 cc while no casualties occurred 
in any other group. This is in accord with many previous 
observations made in this laboratory which indicate that progesterone 
increases the general resistance of hypophysectomized rats. 

We wish to call attention to the fact that experiments performed 
by the senior author in cooperation with Miss C. Dosne indicate that 
desoxycorticosterone acetate exerts a diuretic effect similar to that 
of progesterone. These latter observations will be published in 
detail in the near future. 

Summary. Progesterone increases the urine output both in 
normal and in hypophysectomized rats. Although the untreated 
hypophysectomized animal excretes less than the normal amount of 
urine, progesterone stimulates water excretion much more markedly 
in the absence than in the presence of hypophysis. In hypophysec- 
tomized rats, it may lead to. the excretion of an amount of urine 
corresponding to 50 % of the experimental animal’s total body 
weight; a diuresis reminiscent of diabetes insipidus. The resistance 
of hypophysectomized animals to water intoxication is increased by 
progesterone. 
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Robert W. Bates and Oscar Riddle 

From the Carnegie Institution of TVasliington, Station for Experimental Evolution, 
Cold Spring Harbor, N. Y. 


The local crop-sac method, or micro-method, of testing for pro- 
lactin ( intracutaneous injection over the pigeon’s crop) introduced 
by Lyons and Page 1 involves a subjective element and is open to 
still other sources of error; it has, however, the advantage of ex- 
treme sensitivity. Bates and Riddle 2 reported that subcutaneous 
injections over the crop-sac area, though they place the prolactin 
nearer to the responding tissue, are markedly less effective than 
similar intracutaneous injections. Since the micro-method is cur- 
rently used in some laboratories for quantitative assay of prolactin, 
particularly in blood and urine where the concurrent use of 0.1 and 
1.0 ml fluid was once advised, 1 it is desirable to learn the sources 
of error in the use of this method. The present study is concerned 
with the effect of injecting equal quantities of hormone in unequal 
volumes of fluid. 

In the local crop-sac method the intracutaneously injected pro- 
lactin stimulates that area of the crop tissues which lies immediately 
beneath the site of injection. This fact suggests a direct diffusion 
from the injection site. If uncomplicated diffusion is involved one 
would expect the response to be directly proportional to the con- 
centration of prolactin in the solution injected. The crop epithelium 
is the tissue upon which prolactin acts (by causing cell proliferation) 
and in passing from the site of injection to this epithelium the 
hormone must traverse the following very thin structures : lower 
dermis; a layer of loose connective tissue and fat lying between the 
crop and the skin ; the serosa ; and two thin layers of muscle in the 
crop wall. The crop epithelium is in actual contact with ingested 
food and the proliferation induced by prolactin occurs in its basal 
cells. 

When 0.05 ml of liquid is injected intracutaneously over the crop 
it forms a small disk-shaped blister or bleb of fluid, roughly 5 mm in 
diameter and 2 mm in thickness. Similarly 0.5 ml of liquid forms a 
blister 16 mm in diameter and 2 mm in thickness. The relative areas 
are as 1 : 10, but they have essentially the same thickness. Hence 


i Lyons, W. R., and Page, E., Proc. Soc. Exp. Biol, and Med., 1933, 32, 1049. 
- Bates, R. IV., and Riddle, O., Proc. Soc. Exp. Biol, and Med., 193G, 34, 847. 
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hours an amount of urine corresponding to half their body weight. 

Since the water intake was approximately the same as the output 
we did not deem it necessary to include the values for water intake 
in our table. 

It seemed of some interest to establish whether increased urine 
output is merely the result of the increased intake. For this purpose 
15 cc of tap water was administered by stomach tube to each rat and 
then water and food were withdrawn from all animals during 24 
hours. Here again the progesterone-treated animals excreted the 
water more rapidly than the oil-treated controls. This was true 
•both in the case of the intact and the hypophysectomized animals. It 
is of interest however, that 4 out of 6 oil-treated hypophysectomized 
controls succumbed from water intoxication after the administration 
of the relatively large amount of 15 cc while no casualties occurred 
in any other group. This is in accord with many previous 
observations made in this laboratory which indicate that progesterone 
increases the general resistance of hypophysectomized rats. 

We wish to call attention to the fact that experiments performed 
by the senior author in cooperation with Miss C. Dosne indicate that 
desoxycorticosterone acetate exerts a diuretic effect similar to that 
of progesterone. These latter observations will be published in 
detail in the near future. 

Summary. Progesterone increases the urine output both in 
normal and in hypophysectomized rats. Although the untreated 
hypophysectomized animal excretes less than the normal amount of 
urine, progesterone stimulates water excretion much more markedly 
in the absence than in the presence of hypophysis. In hypophysec- 
tomized rats, it may lead to. the excretion of an amount of urine 
corresponding to 50% of the experimental animal’s total body 
weight; a diuresis reminiscent of diabetes insipidus. The resistance 
of hypophysectomized animals to water intoxication is increased by 
progesterone. 
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injected twice in the same spot and killed 48 hours after first injec- 
tion. The presence of stimulation was estimated from examination 
of the stretched excised crop by transmitted and reflected light. 
Several of the birds were also given colchicine 6 to 8 hours before 
killing and the presence or absence of accelerated cell division was 
determined histologically. In all tests the gross degree of stimula- 
tion was estimated as plus 4, 3, 2 and 1 ; was used for cases in 
which stimulation was doubtful. Degree of stimulation is signifi- 
cant (though arbitrarily determined) and the sum of “plus” values 
for the 4 birds of each group is tabulated. The value assigned to 
each individual case was probably affected by the larger area of 
stimulation which results from the larger volume; we tried, how- 
ever, to consider thickness only. 

Crop-sacs stimulated by 0.5 ml containing 0.125 y in each of 2 
injections (total, 0.25 y) responded as much on the average as 
crop-sacs stimulated by 0.05 ml containing 0.5 y (total of 1.0 y). 
The ratio of concentrations in these 2 cases is 40 : 1. Thus one 
obtains the wholly unexpected result that a dilution of 10 times 
increased the effectiveness of the injected prolactin by a factor of 4. 

In a third series of tests (Table II) 4 groups of 3 pigeons each 
were treated as in the preceding tests except that the total dose was 
given in a single injection (and killed after 48 hours). Identical 
results on the relation of volume to response were obtained although 
4 to 8 times as much prolactin was required to produce any particular 
grade of response with a single injection. One y in 0.5 ml produced 
as much stimulation as 4 y in 0.05 ml; 2 y in 0.5 ml produced 
as much stimulation as 8 y in 0.05 ml. Comparison of “once” 

TABLE II. 


Effect of Injection Volume on Response of Crop-sacs to a Single Local Injection 
of Prolactin with Autopsy 48 Hours Later. 


Total dose 
prolactin 
No. 437 

No. of 
birds 

Volume, 

(ml) 

Concen- 

tration, 

y/uil 

Side of 
crop used 
(RorL) 

Results 

Sum of 

No. plus 

positive Values 
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the concentration per unit area may be considered independent of 
the volume of fluid injected. It is our experience that when stretched 
for examination tiie area of crop epithelium stimulated is 5 to 10 
mm larger in diameter than the area of the skin displaced by the 
injected fluid, and that this area is located directly beneath the site 
of injection. If the mode of transfer of prolactin is by diffusion 
alone a prolactin solution which produces minimum stimulation when 
a volume of 0.5 ml is injected should also show minimum stimula- 
tion (over a smaller area) when a volume of 0.05 ml of the 
same solution is injected. The following experiments were designed 
to test this theory along with a determination of effects of unequal 
volumes on micro-assay. 

Experimental. In tests made with 2 daily injections into the 
same site / groups of 4 birds each were used. Each bird was 
injected intracutaneously over both crop-sacs with the same amount 
of prolactin but on one side the volume was 10 times that on the 
other (0.5 and 0.05 ml) ; thus the concentration was 10 times 
greater in the smaller volume of solution. The right crop-sac 
of all birds of 4 of the 7 groups received the larger volume (Series 
A, Table 1). The left crop-sac received the larger volume in all 
birds of 3 other groups (Series B, Table I). The 2 sides of the 
crop were thus shown to be equally responsive. Each bird was 

TABLE i. 

Effect of Injection Volume on Response of Crop-sacs to Local Intradermal Injec 
tioua of Prolactin. Both Sides of Crop (R and L) Injected Twice at 24-hour 
Interval with Autopsy 43 Hours After First Injection. 

Results 


Total dose 
prolactin 
No. 437 

No. of 
birds 
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volume, 

(ml) 

Concen- 

tration, 

y/nil 
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Side of 
crop used 
(R or L) 

No. 

positive 

Sum of 
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0.5 

A 

R 

2% 

+ iVi 

•5y 

4 

.5 

0.5 

B 

L 

3V- 

+ 3% 

•5y 

4 
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+ 6 

.25? 

4 

.5 

0.25 

B 

L 

1% 

+ 1% 

.25y 

4 

05 

2.5 

A 

L 

1% 

+ 1% 

* v l 

,25y 

4 

.05 

2.5 

B 

R 

0 

+ o 




Micro-Assay of Prolactin- 


507 


injected twice in the same spot and killed 48 hours after first injec- 
tion. The presence of stimulation was estimated from examination 
of the stretched excised crop ky transmitted and reflected light. 
Several of the birds were also given colchicine 6 to 8 hours before 
killing and the presence or absence of accelerated cell division was 
determined histologically. In all tests the gross degree of stimula- 
tion was estimated as plus 4, 3, 2 and 1; was used for cases in 
which stimulation was doubtful. Degree of stimulation is signifi- 
cant (though arbitrarily determined) and the sum of “plus” values 
for the 4 birds of each group is tabulated. The value assigned to 
each individual case was probably affected by the larger area of 
stimulation which results from the larger volume; we tried, how- 
ever, to consider thickness only. 

Crop-sacs stimulated by 0.5 ml containing 0.125 y in each of 2 
injections (total, 0.25 y) responded as much on the average as 
crop-sacs stimulated by 0.05 ml containing 0.5 y (total of 1.0 y). 
The ratio of concentrations in these 2 cases is 40 : 1. Thus one 
obtains the wholly unexpected result that a dilution of 10 times 
increased the effectiveness of the injected prolactin by a factor of 4. 

In a third series of tests (Table II) 4 groups of 3 pigeons each 
were treated as in the preceding tests except that the total dose was 
given in a single injection (and killed after 48 hours). Identical 
results on the relation of volume to response were obtained although 
4 to 8 times as much prolactin was required to produce any particular 
grade of response with a single injection. One y in 0.5 ml produced 
as much stimulation as 4 y in 0.05 ml; 2 y in 0.5 ml produced 
as much stimulation as 8 y in 0.05 ml. Comparison of “once” 

TABLE II. 


Effect of Injection Volume on Response of Crop-sacs to a Single Local Injection 
of Prolactin with Autopsy 48 Hours Later. 


Total dose 
prolactin 
No. 437 

No. of 
birds 

Volume, 

(ml) 

Concen- 

tration, 

y/ml 

Side of 
crop used 
(R orL) 

Results 

# ' 
Sum of 

No. plus 

positive values 

8.0y 

3 

.5 

1G 

B 

3 

-b 3 

S.Oy 

3 

.05 

160 

L 

2% 

4- Hi 

4.0 r 

3 

.5 

8 

B 



■i.Of 

3 

.05 

80 

L 

i 

4- 1 

a.o Y 

3 

.5 

4 

R 

2% 

4- -t'/i 

2.0-f 

3 


40 

L 

Vi 

4- Vi 


3 

.5 

o 

B 

2 

4- 3 

1% 

3 

.05 

20 

L 


4- 0 
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injected groups with “twice” injected groups indicates a quadrupling 
of effectiveness in the latter case. 

Discussion. Our observations do not support the assumption that 
local stimulation of the crop-sac is due to uncomplicated diffusion 
of prolactin. The volume of fluid injected seems to have an influ- 
ence or control on the sensitivity of the reaction and this influence 
is far greater than that which is expected. This may indicate that, 
in response to the irritation produced by the injection, some sub- 
stance released in the skin serves to augment the effect of the pro- 
lactin. This assumption is supported by the low effectiveness of 
prolactin injected subcutaneously over crop-sacs, and by other 
current observations made in this laboratory which show that 
substances which irritate or insult the skin at the site of injection 
will cause some cellular proliferation (confirmed histologically) 
of the crop epithelium. To date none of those irritating substances 
induce such proliferation when injected systemically. 

Calculations of the relative sensitivity of the local and the systemic 
methods are of interest. Systemic assays of prolactin No. 437, the 
preparation used in all our tests, showed it to contain 5 Riddle- 
Bates (or 5 International) units per mg. This is equivalent to about 
1.5 to 2.0 systemic minimum stimulating doses (M.S.D. ; 50% 
positive) per mg in a 450 g pigeon (i.c., 500 to 700 y = 1 M.S.D. ). 
Using 2 injections, each of 0.5 nil volume, over the crop-sac the 
M.S.D. of No. 437 was found to be not more than 0.25 y; when a 
single injection was employed 4 times as much prolactin (1 y) was 
required. These values thus indicate an increase in sensitivity of at 
least 500 and 2,000 times for single and double injections, respec- 
tively. The magnitude of these increases agrees well with Lyons’ 3 
value of 1,000 for a single injection; but it differs greatly from 
results of Bergman, Meites and Turner 4 who report an increase of 
only 178 although they used the still more sensitive 4-day test (of 
Lyons). From such 4-day tests Lyons 3 reported an increased sensi- 
tivity of 10,000 times. 

The importance of volume of fluid injected is not appreciable 
in systemic injections by the intramuscular route. 

Summary. In 2 types (single and double injection) of 48-hour 
micro-methods for assaying prolactin, in which the injection volume 
was. 0.05 ml, 4 times as much prolactin was required for minimum 
stimulation as when the volume was 10 times larger, 0.5 ml. A 

;i Lyons, W. R., Pkoc. Soc. Exp. Biol, and Med., 1937, 35, 645. 

i Bergman, A. J., Meites, J., and Turner, C. W., Endocrinol,, 1940, 20, 716. 

.'■Lyons, W. R., Cold Spring Harbor Symposia on Quant. Biol., 1937, 5, 198. 
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minimum stimulation dose of prolactin in 0.05 ml thus has its 
apparent effectiveness increased 4 times by a dilution of 10 times. 
No simple explanation of this result is apparent. Micro-assays 
of prolactin by intracutaneous injections over crop-sacs must utilize 
a constant volume of fluid to be of much quantitative value. 
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Use of Illuminating Gas to Check Metabolism Apparatus. 
Ivan Bunnell and Fred R. Griffith, Jr. 

From the Department of Physiology, University of Buffalo, Buffalo, A". Y. 


Combustion of alcohol, ether or acetone is standard procedure 
to check the operation of metabolism apparatus (Carpenter, et al. 1 ). 
We have found it impossible, however, to devise a burner by which 
the combustion of any of these would proceed evenly for meta- 
bolically significant periods at rates comparable to the respiratory 
metabolism of the rat. On the other hand, small validity would seem 
to attach to a test several times more severe than planned capacity; 
failure would be no indication of inability of the apparatus to do 
what it was designed to do ; nor would success be any guarantee that 
it could perform the more delicate task for which it was made. 
A micro-balance is not checked with kilogram weights. 

As a result, recourse has been had to combustion of gas which 
can be successfully controlled at almost any desired rate. It was 
originally intended to use a pure, commercial preparation of one 
of the lower hydrocarbons in order to eliminate the necessity of 
control determinations. Preliminary work with ordinary illuminat- 
ing gas from the city mains was so satisfactory, however, that it 
has been adhered to; especially since equipment was at hand for 
the necessary control determinations which involve only slightly 
additional work. 

Since the only difficulty in the application of this principle is 
accurate measurement of the small volume of gas burned, descrip- 
tion of an apparatus which has been found accurate and simple to 
operate and is easily assembled from odds and ends about any 
laboratory may be of interest. 

This apparatus is shown diagrammatically in Fig. 1. 

i Carpenter, T. At., Fot, E. L., and Sereque, A. F., J. Biol. C/iem., 1929. 82, 335. 
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The gas sample. Since the composition of the city gas supply is 
not absolutely constant, gas is not burned directly from the supply 
line. Instead, a sufficient sample for several runs and their attendant 
control determinations is secured in the IS liter carboy (C.) by 
water displacement into the similar carboy (C). Conversely, as 
needed, the gas is displaced from (C.) into the rubber football 
bladder (B) by siphoning of water from (C) to (C x ). 

The combustion chamber. (C-C) 5.5 cm in diameter and 25 cm 
long, takes the place of the animal chamber of the metabolism 
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apparatus (Schwabe and Griffith 1 ). The base of the chamber (S) 
is the upper part of a wide-mouth bottle and contains mercury for 
an air-tight seal. Tube (O) connects with the oxygen measuring 
device of the metabolism apparatus and admits pure oxygen as 
needed. Tubes (G) and (Gi) connect with the carbon-dioxide 
absorbers of the metabolism apparatus, by which, also, circulation of 
air within the chamber is maintained, (t) is a thermometer and 
(V) a tube which is open during assembly of the chamber to equalize 

to Tiijot 



Rg.2. 


- Schwabe, E. L., and Griffith, P. R., Jr., .7, Nutrition, 193S, 13, 1S7. 
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pressure. The illuminating gas is admitted through (M) to whose 
end, within the chamber, a 26-gauge hypodermic needle (N) which 
serves as burner, is attached by rubber tubing. The burner (and 
flame) is protected from air-currents by the chimney (Ch). 

Gtis measurement is made by the assembly consisting of the one- 
liter suction flask (R) and the tube (T) which is 2.5 cm in diameter 
and 100 cm long. It is merely an adaptation of the “microspirom- 
eter” ot Hanan 1 similar to that used by Sclnvabe and Griffith 
to measure the rate of oxygen utilization in the metabolism 
apparatus. At the beginning of a run (T) is full of water and (R) 
has been filled with gas to be burned through tube (X) from the 
hag (B). During a run, due to the fact that the end of (r) in (T) 
is 15 cm above the opening of (Z) in (R), water flows from (T) 
to (R) through (Z), and gas enters (T) from (B) through (r) 
(Mariotte principle), thus establishing a slight, constant, positive 
pressure on the gas in (R). This gas is forced from (R) through 
(M) to (N) at the tip of which it is burned. By proper adjust- 
ment of the screw-clamp (4) water can be made to flow from (T) 
to (R) and gas front (R) to (N), at any desired rate. (T) is 
carefully calibrated so that the amount of water siphoning into (R) 
and therefore the volume of gas which has been burned, can be 
accurately known. 

Procedure. At the beginning all clamps are closed except (11) 
and ( 12). Since there is positive pressure on the gas sample in (Ci) 
this will fill the football bladder (B). Also with clamps (6) and 
(2) open and the combustion burner (N) open to the room, (R) 
is thoroughly flushed out to make sure it contains no trace of foreign 
gas. Clamps (2) and (6) are then closed, as well as (11) and (12). 

To set (R-T) for a run, i.e., to get the water from (R) to (T) 
a negative pressure is established by the leveling bulbs (L) and 
(L,). Open (13) and raise (Li) until (L) is full; close (13). 
Lower (L, ) below (L) ; this establishes a negative pressure in (L) 
which upon opening clamps (9), (3) and (6) will draw water from 
(R) to (T). Actually, since (T) is 100 cm long, sufficient negative 
pressure to effect this transfer is obtained with the help of a 
water- faucet suction pump attached to the upper, open end of 
(Lt). When this transfer is complete (9) is closed, the suction 
is stopped and (3) and (6) are closed. 

By operating the unit (T-R) as a closed system as is done here 
and as explained by Schwabe and Griffith who used a similar modi- 
fication of Hanan’s device for measurement of oxygen admitted 

B., Science , 1929, 7o7s8A 
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to the metabolism chamber, the water that is employed Is kept in 
constant contact and equilibrium with the gas that is used, thereby 
preventing error due to solution of the gas in the water. 

At this time all clamps are closed. 

To prepare for a run, clamps (7), (4) and (2) are opened in 
this order. Due to the slight positive pressure between (T) and 
(R), water will immediately begin to siphon from (T) to (R); 
gas will enter (T) from (B) at atmospheric pressure and will escape 
from the burner (N) where it is lit. The chimney (Ch) is put in 
place, the line to the oxygen supply opened, and with clamp (1) 
open the combustion chamber is put in place. Before closing (V) 
slight suction is applied to it to draw enough pure oxygen into the 
chamber to make sure the flame will burn; clamp (1) is then closed. 

Control determination is effected by the set-up shown in Fig. 2. 
A sample of the same gas is transferred from the carboy (Ci) to 
the small one-liter, Krogh spirometer (S) and burned at the tip 
of the 1 mm capillary glass tube (Ca) in the combustion chamber 
(CC). The flame is protected by the baffle (n) from the current 
of air (from the compressed air supply) which enters the com- 
bustion chamber after being washed through NaOH (t-t t ) and 


TABLE I. 
Results. 




Kate gas 
burned, 
ec/min 

B.Q. 

Ratio 

COn/gaa 

Ratio 

Oo/gaa 

Rate of 0 2 
utilization, 
cc/min 

1/9/40 

E* 

5.0 

.51 

.82 

1.60 

8.00 


Ct 


.49 

.79 

1.60 


1/9/40 

E 

10.0 

.52 

.82 

1.58 

16.00 


C 


.49 

.79 

1.60 


1/22/40 

E 

5.5 

.51 

.84 

1.68 

9.25 


C 


.52 

.87 

1.66 


2/5/40 

E 

5.1 

.49 

.79 

1.57 

8.01 


C 


.50 

.83 

1.68 


2/13/40 

E 

5.2 

.49 

,8b 

1.72 

9.15 


C 


.50 

.85 

1.71 


4/22/40 

E 

6.5 

.52 

.84 

1.62 

10.53 


C 


.50 

.86 

1.73 


Average 

E 


.51 

-S3 

1.63 



C 


.50 

.83 

1.66 



"Refers to results obtained when a small flame was burned in the Schwabe- 
Griffith Metabolism Apparatus. 

tRefers to results obtained when the products of combustion of a larger flame 
were determined with the Tissot spirometer and gas analysis. 
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oil leaving (at the top of CC) is collected and measured in a 100- 
Iiter Tissot spirometer. This air is then analysed in Haldane 
apparatus. 

Comparison of the results obtained in a few of the more recent 
"experimental” and “control” determinations is shown in Table 1. 
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Studies on Intercostal Nerve Physiology. 
Alfred J. Kaii.v. (Introduced by Arno B. Luckhardt.) 

From the Hull Physiology Laboratory, University of Chicago. 


Pathological cases of processes involving the parietal pleura and 
the diaphragmatic pleura innervated by the lower intercostal nerves, 
and the attendant referred pain and muscular rigidity in the 
abdominal region (lower quadrant), have long suggested neural 
associations between the regions involved. Capps’ 1 competent 
studies upon such clinical cases have yielded valuable information 
relating the portion of pleural membrane or diaphragm stimulated 
to site of referred pain. 

It is a well established fact known to clinicians that: 2 “The 
abdominal symptoms of thoracic disease are often so misleading 
that needless or harmful surgery may be carried out. A pleurisy 
may give referred pain over the distribution of the 6 lower inter- 
costal nerves, with fever may simulate appendicitis.” 

In attempting to establish a physiological basis for such phe- 
nomena, we have investigated the intercostal nerves of dogs. The 
effects of our various manipulations upon blood pressure and 
respiration were kymographically recorded, the blood pressure ob- 
tained from the carotid artery, and respiratory movements recorded 
bv the usual pneumograph-tambour method. In cases where a 
pneumo-thorax was unavoidable, artificial respiration was admin- 
istered. Isolation of various intercostal nerves and their branches 
was facilitated by appropriate rib resection. A tetanizing current 
was used for nerve stimulation. 

Stimulation of the central end of any intercostal nerve results in 
a transient lowering of blood pressure (approximately 25 mm Hg.) 

" Q a pp 3i j. a., An Experimental Study of Pain, Macmillan, 1932. 

2 Kelson, Living Medicine, Thomas Kelson and Sons, 3920-1937. 5, 222. 
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Fig. 1. 

Effects of stim. of central end of 
intercostal nerve VI. 



Fig. 2. 

After double vagotomy. Inhibition 
of respiration by inflation and defla- 
tion of lungs. Arrow points to arti- 
fact of art. resp. 


and an inhibition of respiration for a short interval of time. The 
interval of respiratory inhibition varied in length from 3 to 5 
seconds. Normal respiration is resumed after this interval in spite 
of continuous stimulation. In some cases a decided decrease in 
amplitude of respiratory excursions was the only respiratory change 
observed. It was found that the lower intercostal nerves gave rise 
to more marked respiratory effects than the upper ones. 

In attempting to relate the aforementioned effects to specific 
branches of the intercostal nerves, it was found that the effects 
on blood pressure and respiration may be elicited by stimulating 
the central ends of intercostal branches innervating the diaphragm, 
parietal pleura, and rectus abdominis muscle. 
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Stimulation of the central end of a branch of the intercostal 
innervating the diaphragm elicits a spasm of the rectus abdominis 
muscle. Since this reflex is also elicited by stimulation of the 
central end of the main trunk of a lower intercostal nerve (6-12), 
and the reflex is not abolished until all of the lower intercostals are 
severed, regardless of the order in which they are severed, the 
efferent fibers of the reflex arc must traverse several of the lower 
intercostal nerves (trunks X-XII especially). This striking reflex 
is undoubtedly the cause of the increased tonus of the rectus 
abdominis muscle observed in many cases of lobar pneumonia and 
pleurisy. 

The effect of the parietal pleural nerve fibers upon respiration 
suggests a normal regulatory mechanism of respiration caused by the 
mechanical rubbing of the 2 pleural membranes during respiratory 
movements. Such a regulatory mechanism was also suggested by 
the work of Scott, Gault, and Kennedy 3 who recorded action po- 
tentials from the peripheral end of an intercostal nerve during chest 
expansion. Pike and Coombs* likewise obtained evidence pointing 
to a regulatory mechanism of respiration by thoracic and cervical 
dorsal nerve root section. We sectioned the vagi and phrenic 
nerves and strongly inflated the lungs with air, whereupon respira- 
tion ceased for about 20 to 25 seconds. After respiratory move- 
ments had started, the lungs were allowed to deflate, and another 
inhibition of respiration ensued, due to the mechanical stimulation 
of the parietal pleura by the deflating lungs. The extent of this 
inhibition with double vagotomy and phrenicotomy was approxi- 
mately 10-15 seconds. Inflating a balloon in the chest cavity and 
thus expanding the chest wall internally results in the same respira- 
tory effects. When the phrenic nerves are allowed to remain intact, 
the intervals of inhibition are greatly reduced (2-5 seconds), and a 
high cord section (at first thoracic segment) completely abolishes 
the inhibition. The effect of the phrenic nerves is due to the affer- 
ent fibers in them increasing the respiratory rate, as shown by 
Robb and Deason. 3 

VVe believe that the intercostal nerves reinforce the Hering- 
Breuer reflex in normal respiration. The intercostal nerves may 
also be a factor in regulating the rate of the respiratory excursions 
with changes in amplitude, that is, the greater the stimulation of 
the intercostal fibers, the greater the interval to the next respiratory 
movement. 

3 Scott, Gault and Kennedy, Am. J. Physiol., 1922, 59. 

4 Pike, F. H., and Coombs, Helen C., Am. J. Physiol., 1922, 59. 

5 XIobb and Deason, Am. J. Physiol., 1911, 28. 
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Summary and Conclusions. 1. Stimulation of the central end 
of any intercostal nerve causes a reflex inhibition of respiration and 
effects a concomitant drop in blood pressure. 2. The lower inter- 
costal nerves (7-12) elicit a greater response than do the upper 
ones. 3. Stimulation of the intercostal branches to the parietal 
pleura, diaphragmatic pleura, and rectus abdominis muscle give the 
respiratory inhibition and lowered blood pressure (approximately 
25 mm of Hg.) 4. Stimulation of sensory or intercostal fibers 
in the diaphragm causes reflex contraction of the abdominal muscula- 
ture through reflex connection with other lower intercostal nerves. 
5. Among other things, these results furnish the physiological 
mechanisms involved in referred pain and muscular rigidity in the 
lower abdominal quadrant as a result of involvement of the base of 
the lungs, in lobar pneumonia for example. 6. Both expiration 
and inspiration cause the intercostal nerves to be stimulated and 
thereby effect reflexly respiratory inhibition, a. Inspiration more 
strongly inhibits respiration than does expiration, b. At the end 
of inspiration, the intercostal nerves aid the Hering-Breuer reflex, 
c. After expiration the intercostal nerves constitute a factor that 
determines lapse of time before the next inspiration. 7. Abnormal 
respiration and tightening of the abdominal musculature may be 
indicative of an irritation in the peripheral region of the diaphrag- 
matic pleura. 

I hereby wish to acknowledge that Dr. Arno B. Luckhardt sug- 
gested the problem and rendered valuable aid in its prosecution. 
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H Ion Concentration of Various Fluids of the Genital Tract 

of the Cow. 

Hexry A. I.ardy. W. D. Pouxdex axd Paul H. Phillips. 


From the Departments of Biochemistry and Veterinary Science, College of 
Agriculture, University of Wisconsin, Madison. 


In a study of certain reproductive phenomena in dairy cattle a few 
questions were raised which made it necessary to determine the pH 
of various fluids of the genital tract of the cow. This problem is of 
considerable scientific and practical interest since it is reported by 
Warren 1 and others that sex can be controlled by the simple ex- 

l Warren, Carl, Animal Sex Control, Orange Judd Co., 1940. 
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table i. 

The ]>II of Various Fluids of the Cow. 


Fluid 

No. of cases 

1>H 

r 

Range 

Avg 

Vaginal douche (Anestrus) 

a 

0.0-0.7 

0.4 

Cervical lluid 

17 

7.0-8.9 

8.3 3 

Uterine wash* 

13 

(i.tw.lo 

0.8 

Amuiotic fluid from calf fetus 

l> 

7.0-7 .4 

7.12 

Follicular fluid 

3 

7.52-7.7 

7.0 


•o cc double distilled water was washed through the uterus and the pH of the 
wash determined. 


pedient of acid or alkaline vaginal douches at the time of breeding. 
The fluids in our studies were obtained as follows : 

Specimens of vaginal and cervical fluid were collected from cows 
in the University herd by means of a speculum and pipette. The 
other fluids were obtained from cows immediately after slaughter. 
The pH determinations were made with the Coleman glass electrode 
apparatus. 


In the cow there is very little vaginal secretion during anestrus. 
The data obtained upon the pH of the various portions of the genital 
tract of the cow are summarized in Table I. 

During estrus a cord of heavy gelatinous mucus is secreted from 
the cervix into the vagina. This secretion is distinctly alkaline 
with an average pH of 8.3 and as it flows into the vagina it changes 
the reaction in that organ to a slightly alkaline one. For this reason 
the vagina of the cow in estrus is alkaline. These observations support 
the findings and hypotheses of McNutt - ’ ct al. This reaction is cjvtite 
different from the reaction found in the rat, according to Beilly, 3 
where the vaginal fluid is most acidic during estrus. 

From the data given in Table I the sequence of 'events in the 
impregnation of the cow would indicate that the sperm are ejacu- 
lated into an environment with a slightly alkaline reaction. From 
there the sperm must pass through the cervical gateway in a medium 
whose pH normally lies between 8.0 and 9.0. After passing through 
the cervix the sperm arrives in the uterus which maintains an 
environment at an average pH of 6.8. This is the pH range which 
we have found to be optimum for bull sperm storage. 4 Thus all 
sperm on an impregnation journey in the normal cow pass through 
an alkaline bath before arriving in the uterus where a more optimum 
pH prevails. The pH of solutions of pure sodium bicarbonate is 

HjT3rutt7 s - H., ScUwarte, lTh., and Evcletb, D. F., Cornell Tct., 1939, 29, 415. 

3 Beillv. J- S., Endocrinology, 1939, 25, 275. 

4 Phil Ups, P. H„ and Lardy, H. A, J. Dairy Sci., 1940, 23, rn press. 
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about S.S which lies within the range of alkalinity of the cervix 
during heat. Furthermore, 10 cc of cervical fluid with a pH of 8.3 
requires 3 to 4 cc of N/10 HC1 to bring it to pH 6.5. Thus the 
advocates of pH controlled vaginal douches for the control of sex 
must go beyond the cervix to make their procedure effective in 
the female bovine. 

Summary. A study of the pH of the genital secretions of the 
cow has shown the vagina to be slightly acid in anestrus and slightly 
alkaline in estrus due to the distinctly alkaline character of the 
cervical discharge at that time. The fluids of the cervix during 
estrus average pH 8.3 with a range from pH 7.6-S.9. The fluids 
present in the uterus during estrus have an average pH of 6.8 which 
is a favorable one for sperm survival. 
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Lessened Effectiveness of Bacteriostatic Agents vs. Tuberculous 
Infection in Rabbits with Impaired Functional Efficiency. 

Arthur Locke, Rose B. Locke and Helen Schlesinger. 

From the TTestern Pennsylvania Hospital Institute of Pathology , Pittsburgh. 


This is a report of a study of the effect of administered sulfanila- 
mide (SA) and />-caproylaminobenzenesulfonhydroxamide (CH)* 
on the rate of increase in size of the local lesion produced by sub- 
cutaneous injection of a suspension of avian tubercle bacilli, in the 
rabbit, and on the bearing — on that effect — of the functional status 
of the rabbit as indicated by its reaction to chilling. 1 ’ 2 

Table I indicates the comparative intensity of the growth-restrain- 
ing effect exerted by SA and CH in cultures of the avian tubercle 
bacillus in broth. The strain used was il/. avium No. 30, from the 
Phipps Institute. It formed smooth, moist, cream-colored colonies 
on Lowenstein's medium. In broth, it grew in sedimenting, floccu- 
lent masses which formed an even suspension on agitation. The 
culture medium was glycerine veal heart infusion broth of pH 
6.8, distributed in 25 cc amounts in 50 cc Erlenmeyer flasks. The 

* Supplied by Dr. Maurice Moore, Sharp and Dohrae, Philadelphia. 

1 Locke, A., J. Infect. Dis., 1937, 00, 106; J. Immunol, 1939, 30, 139; Locke, 
A., and Main, E. R., Ibul, 173. 

- Locke, A., Locke, R. B., Bragdon, R. J., and Mellon, R. R., Science , 1937, 80, 
22S; Locke, A., Main, E. H„ and Mellon, R. R„ J. Immunol, 1939, 30, 1S3. 
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TABLE I. 

The pH of Various Fluids of the Cow. 


Fluid 

Xo. of cases 

pH 

V' 

Range 

Avg 

Vaginal douche (Anestrus) 

3 

G.0-0.7 

0.4 

Cervical fluid 

17 

7. fi-8.9 

8.33 

Uterine wash* 

13 

,15 

13.8 

Amuiotic fluid from caU fetus 

6 

7.0-7 .4 

7.12 

Follicular fluid 

3 

7.52-7.7 

7.0 


*5 cc double distilled water was washed through the uterus and the pH o£ the 
wash determined. 


pedient of acid or alkaline vaginal douches at the time of breeding. 
The fluids in our studies were obtained as follows: 

Specimens of vaginal and cervical fluid were collected from cows 
in the University herd by means of a speculum and pipette. The 
other fluids were obtained from cows immediately after slaughter. 
The pH determinations were made with the Coleman glass electrode 


apparatus. 

In the cow there is very' little vaginal secretion during anestrus. 
The data obtained upon the pH of the various portions of the genital 
tract of the cow are summarized in Table I. 

During estrus a cord of heavy gelatinous mucus is secreted from 
the cervix into the vagina. This secretion is distinctly alkaline 
with an average pH of S.3 and as it flows into the vagina it changes 
the reaction in that organ to a slightly alkaline one. For this reason 
the vagina of the cow in estrus is alkaline. These observations support 
the findings and hypotheses of McNutt" ct al. This reaction is quite 
different from the reaction found in the rat, according to Beilly, 
where the vaginal fluid is most acidic during estrus. 

From the data given in Table I the sequence of 'events in the 
impregnation of the cow would indicate that the sperm are ejacu- 
lated into an environment with a slightly alkaline reaction. From 
there the sperm must pass through the cervical gateway in a medium 
whose pH normally lies between 8.0 and 9.0. After passing through 
the cervix the sperm arrives in the uterus which maintains an 
environment at an average pH of 6.8. This is the pH range which 
we have found to he optimum for bull sperm storage. 4 Thus all 
sperm on an impregnation journey in the normal cow pass through 
an alkaline bath before arriving in the uterus ivhere a more optimum 
pH prevails. The pH of solutions of pure sodium bicarbonate 

TA.IcK'utt, S. H fsduvarte, lTh., and Eveletli, D. F., Cornell Vet., 1939, 20, 415. 

n *n n \iiv ,T. S., Endocrinology, 1939, 25, 275. 

4 Phillips* P- H, and Lardy, H. A., ./. miry Sci., 1940, S3, in press. 
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TABLE II. 


Comparative Size of the Local Lesion Developed Following Subcutaneous Injection 
of a Suspension of tha Avian Tubercle Bacillus into Treated and Untreated 
Rabbits Making Optimal and Sub-optimal Beaction to Chilling. 


Wanning 

timer 

Rabbit Drug 
No. given 

Per diem 
wt loss 
in g during 
treatment 

Approx, area of lesion in em- 
on the indicated day of infection 

9 

20 

40 

60 



Treatment begun immediately 

after infection. 



30-10 

3 

none 


5 

5 

7 



1 

none 


8G 

8G 

6GD 



671 

CH 

5 

1 

1* 

(9) 

(6D) 


679 

CH 

0 

1 

2* 

(6) 



2 

SA 

23 

4* 

(13) 

(13) 



675 

SA 

63 

4M 




>40 

681 

none 


12 

12 

10D 



677 

none 


9G 

18G 

20GD 



667 

CH 

14 

11* 

(14) 

(20GD) 



664 

SA 

13 

7* 

C9) 

(12) 




Treatment begun 20 to 40 days after infection. 



30-40 

656 

none 



8 

2D 

3D 


639 

CH 

4 


8t 

10 



649 

CH 

0 


4t 

4 

Ot 


655 

CH 

0 



6t 

6D 


*Day of discontinuance of treatment. The subsequent, bracketed values indi- 
cate extent of change iu lesion size following cessation of treatment. 

fDay treatment was begun. 

t Excision of the area revealed persisting tubercle bacilli. The notation M 
means dying. The terminal blood SA level, in this rabbit, 18 hr after the last 
preceding SA feeding, was 28 mg%. G denotes lymph-node invasion and D, 
drainage. 

invasion and rabbits with warming times appreciably longer than 
40, a minimum capacity for survival. Transition from a warming 
time of 40 or longer, to 33, could be induced through enforced rest, 
circulatory support and vitamin administration; and converse im- 
pairment from 33 to more than 40 through exhaustion, shock and 
starvation. The ability of SA to check pneumococcus invasion in 
rabbits with warming times less than 40 was observed to be more 
than double that observed in rabbits with warming times exceed- 
ing 40. 2 

The warming times of the upper group of rabbits in Table II 
lay between 30 and 40. Those of the lower group lay beyond 40. 
New Zealand White males were used, from 3 to 4 kg in weight. 
They were injected subcutaneously, within a shaved area over the 
abdomen, with 0.002 to 0.004 cc of sedimented, growing avian 
tubercle bacilli suspended in 0.5 to 0.75 cc of broth, one or more 
days after the last preceding estimation of warming time and from 
0 to 2 hours before beginning drug feedings. The SA was given 
in capsule in a dosage of 0.3 g 8 x daily and the CH in a dosage 



520 Bacteriostatic Agents vs. Tuberculous Infection 


TABLE I. 

Comparative Effects of Sulfanilamide (SA) and p-caproylaminobeiuenesulfoii- 
hydroxaniide (CH) on the Growth of the Avian Tubercle Bacillus in Broth Culture. 


Total No. 
cultures 

Series in group 

Drug 

added 

Cone. 

miliimolar 

Avg vol of 
sediment 
from 10 ec 
of culture 
at 20 days, 
ce X 100 0 

Estimated 
avg % 
inhibition 

3, ub lo 

none 


21 


o 

CH 

.till 

O ) 

97 

(small inocula) 14 

CH 

.52 

<1) 


11 

SA 

.20 

O j 

93 

9 

SA 

.52 

<1 J 


1, 4, ua IS 

none 


24 


7 

C II 

.2(1 

8 ) 

(10 

(heavier inocula) 8 

CII 

.32 

11) 


7 

SA 

.25 

20 I 

20 

11 

SA 

.52 

19 ) 



drugs were added in 0.1 and 0.2 cc volumes of 60% ethyl alcohol 
solution. Equivalent additions of 60% alcohol free of dissolved 
drug produced no recognized growth-checking effect. Ten cc 
aliquots of the cultures were centrifuged after incubation at 3S°C 
for 20 days. The collected sediments were found to be pure. 

The series in the lower group in Table I were inoculated from 
3 to 5 times more heavily than those in the upper group. The 
average percent inhibition exerted by the CH in the upper group 
was 97 ; that exerted by the SA, 93. The equivalent averages for 
the group receiving the larger inocula were 60 and 20. The CH 
would appear to have been, in this in vitro comparison, more effec- 
tive than the SA but less effective against a relatively large inoculum 
than against a small one. CH is, mole for mole, also more effective 
than SA in checking growth of the type I pneumococcus in broth 
culture but is less effective than SA in cultures containing blood. 3 It 
has approximately the same effectiveness as SA in pneumococcus- 
infected mice/ 

The usefulness of the reaction to chilling as an index of func- 
tional status, in the rabbit, was established in an investigation of 
factors determining non-specific capacity for resistance to pneumo- 
coccal invasion. 1 Rabbits with “warming times” of 30 to 33 were 
found to have a maximum non-specific capacity for surviving such 

3 Main, E. B., Sliinn, L. E., and Mellon, R. R., Pkoc. Soc. Exp. Biol, and Med., 
1940, 43, 593. 

4 Cooper, F. B., Gross, P., and Lewis, M., Paoc. So c. Exp. Biol, and Med., 
1940, 43, 491. 
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Sulfapyridine and Serum in Experimental Type III Lobar 

Pneumonia. 

J. L. Wright axd F. D. Guxh. 

From the Department of Pathology, Xorthwestern University Medical School. 


Previous experiments 1 have demonstrated that sulfapyridine and 
sulfanilamide were about equally effective in reducing mortality in 
Type III lobar pneumonia of rats. Up to the time of publication 
of those results, the samples of specific antiserum that we had tested 
had shown no decisive effects in protecting against Type III in- 
fections in rats. Within the last year accurately standardized, highly 
concentrated Type III serums* have been available and in our 
experiments, when used in large doses, they have exhibited a pro- 
tective value approaching that of type specific serum in Type I 
pneumococcic pneumonia. 2 

In these experiments serum and sulfapyridinet were used together 
and separately in doses which had been found to afford the greatest 
degree of protection. The optimal quantity of serum was found 
to be between 1 ,000 and 2,000 units per rat when the total was dis- 
tributed over a period of 7 days and that for sulfapyridine between 
850 and 1250 mg when given in divided doses over the same period. 

One hundred and sixty young adult rats weighing between 140 
and 2S0 g were infected in groups of 40 by the intrabronchial 
method previously described by Nungester and Jourdonais. 3 In 
each group there were 10 untreated controls. 10 treated with serum 
by intraperitoneal injection, 10 treated with sulfapyridine, admin- 
istered by stomach tube, and 10 treated with both serum and sul- 
fapyridine. 

The strain of Type III pneumococcus was that used in previous 
experiments. 1 The dose used in the first 2 groups of 40 rats was 
0.1 cc of a 16-hour bouillon culture, diluted to 2 O'". This produced 
in the untreated controls a mortality of 63%. In the third and 
fourth groups the dose was increased 10 times ( 10~“ dilution) and 
the initial mortality was 100%. 

Treatment was begun in all cases about 4 hours after injection. 

* Donated by Lederle Laboratories, Inc., Xew Tort, X. T. 

t Donated by ilerck and Company, Rahway, X. J. 

1 Kepi, 31., and Gunn, F. D., Pboc. Soc. Exp. Biol. .\XD Hed., 1939, 41, 457. 

2 Kepi, 31., and Gunn, F. D., Pboc. Soc. Exp. Biol, axd 3Ied., 1939, 40, 529. 

3 Xungester, W. J., and Jourdonais, L. F., J. Bad., 1935, 29, 34. 
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of 0.45 g 5 x daily or 0.23 g 8 x daily. Preliminary trial had 
indicated the ineffectiveness of smaller, less frequent dosage. The 
drugs could not be given, successfully, in admixture with food. 

The infection was not rapidly fatal. The indicated death of rabbit 
675 was due to sulfanilamide poisoning, not infection. The SA 
proved to be so toxic in effective dosage as to prohibit sustained use. 
Loss of appetite was induced, together with rapid decrease in weight. 
The comparative non-toxicity of the CH was the determining point 
in its choice for this study. CH produced no impairment in appetite, 
significant loss of weight or other directly recognizable injury during 
sustained, massive feedings over periods of 20 to 40 days. Adjuvant 
feedings were given, during protracted CH administration, of 
sodium bicarbonate, ascorbic acid and liver extract. 

The lesions produced at site of injection in the control rabbits 
with warming times of 30 to 40 were, roughly, one half the size of 
those developed in the control rabbits with warming times longer 
than 40. A comparable relationship was apparent in the treated 
rabbits following cessation of treatment. During the period of 
treatment, the lesions in the 30-40 minute rabbits given CPI from 
the outset of infection were approximately one-sixth the size of those 
observed in the controls but quickly grew out to normal size follow- 
ing discontinuance. The corresponding lesions in the 30-40 minute 
rabbits given SA were about two-thirds the size of those observed 
in the controls. No significant effect of CH or SA was indicated 
in the rabbits with warming times exceeding 40, either on a basis 
of lesion size at time of drug discontinuance or on a basis of extent 
of further development following withdrawal. CH administration 
begun 20-40 days after infection was without significant checking 
effect. The infection was in no case eradicated. 

Summary. Sulfanilamide and />-caproylaminobenzenesulfon- 
hydroxamide, producing 20 and 60% inhibition of growth, re- 
spectively, in broth cultures of the avian tubercle bacillus, exert a 
comparable degree of restriction on the rate of increase in size of the 
local lesion produced by subcutaneous injection of this organism, 
in rabbits with warming times less than 40, but not in rabbits with 
warming times appreciably longer than 40. 
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Suifapyridine and Serum in Experimental Type III Lobar 

Pneumonia. 

J. L. Wright and F. D. Gunn. 

From the Department of Pathology, Northwestern University Medical School. 

Previous experiments 1 have demonstrated that suifapyridine and 
sulfanilamide were about equally effective in reducing mortality in 
Type III lobar pneumonia of rats. Up to the time of publication 
of those results, the samples of specific antiserum that we had tested 
had shown no decisive effects in protecting against Type III in- 
fections in rats. Within the last year accurately standardized, highly 
concentrated Type III serums* have been available and in our 
experiments, when used in large doses, they have exhibited a pro- 
tective value approaching that of type specific serum in Type I 
pneumococcic pneumonia. 2 

In these experiments serum and sulfapyridinef were used together 
and separately in doses which had been found to afford the greatest 
degree of protection. The optimal quantity of serum was found 
to be between 1,000 and 2,000 units per rat when the total was dis- 
tributed over a period of 7 days and that for suifapyridine between 
850 and 1250 mg when given in divided doses over the same period. 

One hundred and sixty young adult rats weighing between 140 
and 280 g were infected in groups of 40 by the intrabronchial 
method previously described by Nungester and Jourdonais. 3 In 
each group there were 10 untreated controls, 10 treated with serum 
by intraperitoneal injection, 10 treated with suifapyridine, admin- 
istered by stomach tube, and 10 treated with both serum and sui- 
fapyridine. 

The strain of Type III pneumococcus was that used in previous 
experiments. 1 The dose used in the first 2 groups of 40 rats was 
0.1 cc of a 16-hour bouillon culture, diluted to 10" s . This produced 
in the untreated controls a mortality of 63%. In the third and 
fourth groups the dose was increased 10 times (10 -4 dilution) and 
the initial mortality was 100%. 

Treatment was begun in all cases about 4 hours after injection. 

* Donated by Ledcrle Laboratories, Ine., New York, N. Y. 

t Donated by Merck and Company, Railway, N. J. 

iKepl, AI., and Gunn, F. D., Pkoc. Soc. Exp. Biol, axd Med., 1939, 41, 457. 

- Kepi, AT., and Gunn, F. D., Pboc. Soc. Exp. Biol, axd Med., 1939, 40, 529. 

3 Nungester, W. J., and Jourdonais, L. i\, J. Bad., 1935, 519, 34. 
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of 0.45 g 5 x daily or 0.23 g S x daily. Preliminary trial had 
indicated the ineffectiveness of smaller, less frequent dosage. The 
drugs could not be given, successfully, in admixture with food. 

The infection was not rapidly fatal. The indicated death of rabbit 
- 675 was due to sulfanilamide poisoning, not infection. The SA 
proved to be so toxic in effective dosage as to prohibit sustained use. 
Loss of appetite was induced, together with rapid decrease in weight. 
The comparative non-toxicity of the CH was the determining point 
in its choice for this study. CH produced no impairment in appetite, 
significant loss of weight or other directly recognizable injury during 
sustained, massive feedings over periods of 20 to 40 days. Adjuvant 
feedings were given, during protracted CH administration, of 
sodium bicarbonate, ascorbic acid and liver extract. 

The lesions produced at site of injection in the control rabbits 
with warming times of 30 to 40 were, roughly, one half the size of 
those developed in the control rabbits with warming times longer 
than 40. A comparable relationship was apparent in the treated 
rabbits following cessation of treatment. During the period of 
treatment, the lesions in the 30-40 minute rabbits given CH from 
the outset of infection were approximately one-sixth the size of those 
observed in the controls but quickly grew out to normal size follow- 
ing discontinuance. The corresponding lesions in the 30-40 minute 
rabbits given SA were about two-thirds the size of those observed 
in the controls. No significant effect of CH or SA was indicated 
in the rabbits with warming times exceeding 40, either on a basis 
of lesion size at time of drug discontinuance or on a basis of extent 
of further development following withdrawal. CH administration 
begun 20-40 days after infection w r as without significant checking 
effect. The infection w'as in no case eradicated. 

Summary. Sulfanilamide and />-caproylaminobenzenesulfon- 
hydroxamide, producing 20 and 60% inhibition of growth, re- 
spectively. in broth cultures of the avian tubercle bacillus, exert a 
comparable degree of restriction on the rate of increase in size of the 
local lesion produced by subcutaneous injection of this organism, 
in rabbits with warming times less than 40, but not in rabbits with 
warming times appreciably longer than 40. 
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Sulfapyridine and Serum in Experimental Type III Lobar 

Pneumonia. 

J. L. Wright axd F. D. Gunn. 

From the Department of Fathoiogy, Xorthwestern University Medical School. 


Previous experiments 1 have demonstrated that sulfapyridine and 
sulfanilamide were about equally effective in reducing mortality in 
Type III lobar pneumonia of rats. Up to the time of publication 
of those results, the samples of specific antiserum that we had tested 
had shown no decisive effects in protecting against Type III in- 
fections in rats. Within the last year accurately standardized, highly 
concentrated Type III serums* have been available and in our 
experiments, when used in large doses, they have exhibited a pro- 
tective value approaching that of type specific serum in Type I 
pneumococcic pneumonia. 2 

In these experiments serum and sulfapyridinet were used together 
and separately in doses which had been found to afford the greatest 
degree of protection. The optimal quantity of serum was found 
to be between 1,000 and 2,000 units per rat when the total was dis- 
tributed over a period of 7 days and that for sulfapyridine between 
850 and 1250 mg when given in divided doses over the same period. 

One hundred and sixty young adult rats weighing between 140 
and 280 g were infected in groups of 40 by the intrabronchial 
method previously described by Nungester and Jourdonais. 3 In 
each group there were 10 untreated controls, 10 treated with serum 
by intraperitoneal injection, 10 treated with sulfapyridine, admin- 
istered by stomach tube, and 10 treated with both serum and sul- 
fapyridine. 

The strain of Type III pneumococcus was that used in previous 
experiments. 1 The dose used in the first 2 groups of 40 rats was 
0.1 cc of a 16-hour bouillon culture, diluted to lO" 5 . This produced 
in the untreated controls a mortality of 63%. In the third and 
fourth groups the dose was increased 10 times (10 -1 dilution) and 
the initial mortality was 100%. 

Treatment was begun in all cases about 4 hours after injection. 

* Donated by Lederle Laboratories, Inc., New York, N. Y. 

t Donated by ilerck and Company, Rahway, N. J. 

1 Kepi, M., and Gunn, F. D., Proc. Soc. Exp. Biol, axd ilED., 1939, 41, 457. 

- Kepi, M., and Gunn, F. D., Proc. Soc. Exp. Biol, axd JIed., 1939, 40, 529. 

3 Nungester, W. J., and Jourdonais, L. F., J. Bad., 1935, 29, 34. 



524 SULFAPYRIDINE AND SERUM IN TYPE III PNEUMONIA 


TABLE I. 

Sulfapyridine and Serum in Experimental Type III Lobar Pneumonia. 


Total No. 
of rats 

No. 

survivors 

No. 

fatalities 

% 

mortality 

Therapy 

Dilution of 
organisms 

19* 

7 

12 

63 

Noue 

1:100,000 

20 

13 

7 

35 

Serum 

1:100,000 

19* 

14 

5 

26 

Sulfapyr. 

1:100,000 

19* 

14 

5 

26 

Serum and Sulfapyr. 

1:100,000 

20 

0 

20 

100 

None 

1:10,000 

20 

4 

10 

80 

Serum 

1:10,000 

18* 

11 

7 

39 

Sulfapyr. 

1:10,000 

16* 

10 

G 

37 

Serum and Sulfapyr. 

1:10,000 


*In each group 20 animals were originally injected. However, those killed by 
trauma incurred by the injection of the drug, or those which did not show the ink 
spot tracer in the lung on post-mortem examination, were deleted from the experi- 
ment. 

The initial dose of sulfapyridine was 250 mg, emulsified in 2 cc 
of 1.5 % mucin. This was followed by a twice daily dose of 125 mg 
for 2 days and then 125 mg daily for 4 more days. In the first 2 
experiments the initial dose of serum was 250 units in 1 or 2 cc of 
saline and the maintenance dose was 125 wilts given twice daily on 
the second and third days and once a day for the next 4 days. In 
the third and fourth experiments the method differed only in that 
the initial dose was 500 units instead of 125 units. 

In the table, the first and second groups and the third and fourth 
groups are combined. Serum therapy alone resulted in a reduction of 
mortality from 63% to 35% in the 80 rats which were infected with 
the smaller dose of pneumococci. Under the same conditions, 
animals receiving sulfapyridine alone showed a mortality of 26%. 
The same figure is shown for the group receiving both serum and 
sulfapyridine. 

In the 80 rats which were infected with the larger dose (10 4 
dilution) serum therapy reduced the mortality from 100% to 80% ; 
sulfapyridine therapy reduced it to 39%. A combination of sulfa- 
pyridine and serum showed no significant improvement over sulfa- 
pyridine therapy alone, giving a mortality of 37l%, Under the 
second group of conditions, where the most important factor which 
has been changed is the dose of pneumococci (increased from a 
dilution of 10’ 3 to 1(T‘) sulfapyridine appears to be about 3 times 
as effective as serum (survival rate of about 60% for sulfapyridine 
and about 20% for serum). In unpublished experiments we have 
found that a further increase of the dose of serum, especially in 
the first 2 days, does not further reduce the mortality when the 
infecting dose is large. 
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Summary. Under the conditions of our experiments the pro- 
tective value of highly concentrated type specific serum in optimal 
doses and that of sulfapyridine in optimal doses are approximately 
equal when the infecting dose of Type III pneumococci is relatively 
small, resulting in a mortality of 63 °/o in untreated animals. When 
the infecting dose is sufficiently large to produce an initial mortality 
of 100%, the mortality after sulfapyridine therapy is significantly 
less than after serum therapy. Combining serum and sulfapyridine, 
each in optimal dose, does not reduce mortality below that of 
sulfapyridine therapy alone in Type III pneumococcic pneumonia, 
differing in this respect from results previously obtained from 
similar experiments with Type I pneumococcic pneumonia. 
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Effect of Sulfanilamide, Sulfapyridine. and Sulfathiazole on 
Staphylococcus Toxins.* 

Mil wart) Bayliss. (Introduced by Marlin Frobisher. Jr.) 

From the Department of Bacteriology, School of Hygiene and Public Health, 
Johns Hopkins University, Baltimore, Mil. 

Conflicting reports have appeared in the literature on the neutrali- 
zation of staphylococcus toxins by sulfanilamide and allied com- 
pounds. Levaditi and Vaisman 1 were unable to demonstrate any 
effect of prontosil, neoprontosil, and other azo-sulfonamide deriva- 
tives against staphylococcal hemolysin, although they claimed these 
compounds neutralized the effect of streptococcal leucocidin and 
hemolysin. Later Levaditi, Vaisman, and Reinie 2 reported that 
none of the compounds tested was effective against staphylococcus 
lethal toxin. Osgood and Powell 3 found that sulfanilamide in con- 
centrations of 1 :1000 or less did not inactivate significant amounts 
of staphylococcal hemolysin. Recently Carpenter and his co- 

* The author rushes to acknowledge his appreciation of the interest, and the 
valuable suggestions of Dr. E. K. Marshall, Jr., and Dr. Perrin Long. 

1 Levaditi, C., and Vaisman, A., Compt. Bend. Soc. dc Biol., 1935, 120, 1077. 

- Levaditi, C., Vaisman, A., and Reinie, L ., Compt. Bend. Soc. de Biol., 1937, 
120, 1937. 

3 Osgood, E. E., and Powell, H. M., Pp.oc. Soc. Exp. Biol. and Med., 193S, 
30, 37. 
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workers ' have reported an antitoxic effect of sulfanilamide and its 
derivatives on toxins formed by the gonococcus, pneumococcus, 
staphylococcus, Streptococcus heinolyticus , Clostridium botulinum, 
Clostridium tetani, Clostridium scpticmn (vibrion septique), and 
Clostridium perfringens. Although in his in vivo experiments he 
reports in one paper 1 * neutralization, and in another paper, 7 failure 
to neutralize staphylococcus lethal toxin, he reports statistically 
valid in vitro experiments demonstrating consistently the neutraliza- 
tion of staphylococcus lethal toxin. 

In the present study, toxins from 4 strains of hemolytic staphylo- 
cocci were used, as well as one batch of toxin labelled “Lot O” pre- 
pared by Carpenter. The effect of sulfanilamide (para amino 
benzene sulfonamide), sulfapyridine (2-sulfanilyl amino pyridine), 
and sulfathiazol (2-sulfanilyl aminothiazole) on these toxin prepara- 
tions was investigated. The toxins were prepared according to the 
method of Dolman and Wilson. 8 A 2-day culture of the organism 
following growth on semi-solid agar was passed through filter paper, 
and finally through a Seitz filter to remove the bacteria. The 
M.L.D. of each lot of lethal toxin was determined for adult mice 
weighing 22 to 26 g. In this study two strains of albino mice and 
one strain of black mice were used, but only one strain of mice was 
used in each experiment. Each group, including the control group, 
contained the same proportion of males and females with comparable 
weights. The mice were observed for 7 days, although very few 
deaths occurred after 4S hours. The sulfanilamide or its derivative 
(in 0.85 % sodium chloride solution) was thoroughly mixed with the 
toxin and 1 cc of the mixture injected intraperitoneally into each 
mouse from 5 to 45 minutes following mixing. Control mice re- 
ceived 1 cc of the saline solution containing the same amount of 
toxin. 

During initial experiments in which a dose of toxin was admin- 
istered sufficient to kill 100% of the control mice, it was always 
found that 100% of the mice injected with toxin-sulfanilamide 
mixtures also died. Subsequent experiments were therefore per- 

I Carpenter, C. M., Barbour^sT}!., and Hawley, P. L., J. Pediatrics, 1939, 
14, 116. 

3 Carpenter, C. 51., and Barbour, G. 51., Proc. Soc. Exp. Biol, and 5Xed., 1939, 
41, 354. 

0 Carpenter, C. 51., and Barbour, G. 51., Proc. Soc. Exp. Biol, and 5Ied., 1939, 
41, 255. 

1 Carpenter, G. 51., Proc. Third International Congress for Microbiol., 1939, 

’ S Dolman, C. B., and Wilson, B. J., J. Immunology, 1938, S3, 13. 
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TABLE i. 

Effect o f Sn^anilamide and Allied Compounds on Staphylococcia Lethal Toxin. 

Mice injected 
/ ‘ \ 

Total No. survived % survival 


Control 

150 

79 

56 

1:100 Sulfanilamide 


36 

36 

1:200 ” 


39 

39 

1:1000 ” 

120 

55 

45 

1:1000 Sulfapyridine 

120 

58 

48 

1:1000 Sulfathiazole 

120 

61 

51 


formed in which approximately half of the control mice survived. 
Table I summarizes the results of the latter experiments. It is 
evident that rather than neutralizing the lethal action of the toxin, 
if anything the drugs slightly enhanced the toxicity to mice. It is 
difficult to reconcile these results with those of Carpenter. It was 
therefore thought desirable to determine whether these compounds 
might influence the other toxic activities of staphylococcus toxin. 

The neutralization of dermo-necrotic toxin was tested by injecting 
4 albino guinea pigs and 4 albino rabbits with staphylococcus toxin 
plus various dilutions of sulfanilamide and its derivatives. Each 
animal was injected intradermally with .2 cc of each mixture. The 
area of necrosis was measured on the fifth day. The average of 
these measurements is listed in Table II. 

It is obvious that there was no neutralization of the dermo- 
necrotic factors present in the toxin. 

The effect on the hemolysins was studied by several methods. 
Using 2 hemolytic units of toxin with the addition of various con- 
centrations of the sulfonamides to a 1% rabbit erythrocyte suspen- 
sion, it was found that high concentrations of the chemicals reduced 
the hemolysis partially, whereas concentrations normally attained 
in the blood during treatment of infections had no effect. This 

TABLE n. 

Effect of Sulfonamides on Dermo-neerotizing Toxin. 

Avg of areas of necrosis, 
cm2 


Toxin + saline solution (control) 


>» 

+ 1:10,000 sulfanilamide 

2.0 

i t 

+ 1: 1,000 ” 

2.2 

M 

+ 1: 100 ” 

2 ! 3 

Sf 

+ 1:10,000 sulfapyridine 

2.2 

) t 

+ 1: 1,000 ” 

2.1 

t 1 

+ 1:10,000 sulfathiazole 

2 2 

ft 

4- 1: 1,000 ” 

2.0 
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workers have reported an antitoxic effect of sulfanilamide and its 
derivatives on toxins formed by the gonococcus, pneumococcus, 
staphylococcus, Streptococcus hemolyticus, Clostridium botulinum, 
Clostridium tctam , Clostridium septicum (vibrion septique), and 
Clostridium perfringens. Although in his in vivo experiments he 
reports in one paper 3 neutralization, and in another paper, 7 failure 
to neutralize staphylococcus lethal toxin, he reports statistically 
valid in vitro experiments demonstrating consistently the neutraliza- 
tion of staphylococcus lethal toxin. 

In the present study, toxins from 4 strains of hemolytic staphylo- 
cocci w'ere used, as well as one batch of toxin labelled “Lot O” pre- 
pared by Carpenter. The effect of sulfanilamide (para amino 
benzene sulfonamide), sulfapyridine (2-sulfanilyl amino pyridine), 
and sulfathiazol (2-sulfanilyl aminothiazole) on these toxin prepara- 
tions w r as investigated. The toxins were prepared according to the 
method of Dolman and Wilson. 3 A 2-day culture of the organism 
following growth on semi-solid agar was passed through filter paper, 
and finally through a Seitz filter to remove the bacteria. The 
M.L.D. of each lot of lethal toxin was determined for adult mice 
weighing 22 to 26 g. In this study two strains of albino mice and 
one strain of black mice w'ere used, but only one strain of mice was 
used in each experiment. Each group, including the control group, 
contained the same proportion of males and females with comparable 
weights. The mice were observed for 7 days, although very few 
deaths occurred after 48 hours. The sulfanilamide or its derivative 
(in 0.85% sodium chloride solution) was thoroughly mixed with the 
toxin and 1 cc of the mixture injected intraperitoneally into each 
mouse from 5 to 45 minutes following mixing. Control mice re- 
ceived 1 cc of the saline solution containing the same amount of 
toxin. 

During initial experiments in which a dose of toxin was admin- 
istered sufficient to kill 100% of the control mice, it was always 
found that 100% of the mice injected with toxin-sulfanilamide 
mixtures also died. Subsequent experiments were therefore per- 

4 Carpenter, C. M., Barbour, G. JL, and Hawley, P. L., J. Pediatrics, 1939, 
14, 116. 

5 Carpenter, C. M., and Barbour, G. M., Proc. Soc. Exp. Biol, and Med., 1939, 
41, 354. 

o Carpenter, G. M., and Barbour, G. M.. Proc. Soc. Exp. Biol, and Med., 1939, 

■ Carpenter, C. M., Proc. Third International Congress for Microbiol, 1939, 
r* 595 

*’ s Dolman, C. E., and Wilson, B. J., J. Immunology, 1938, 35, 13. 
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might be one of the main activities of the sulfonamide compounds, 
and that more potent antitoxic compounds might prove even more 
useful in the treatment of bacterial infections. These experiments, 
however, lead one to believe that the only manner in which the 
toxicity of staphylococci is affected is by an inhibition of growth of 
the organism with a consequent decreased production of toxin. 

Summary. Toxic manifestations of staphylococci are not in- 
activated in vitro by sulfanilamide, sulfapyridine, or sulfathiazole. 
The lethal toxin, dermo-necrotic toxin, coagulase, and enterotoxin 
are not neutralized by solutions of the sulfonamides tested at 37°C. 
a- and ^-hemolysins are slightly diminished in activity at concentra- 
tions approaching the saturation point of the sulfonamides, but are 
unaffected at concentrations of less than .01%. These compounds 
appeared to decrease hemolysin production by decreasing the growth 
rate of the organism. 
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Response of Plasma Volume to Diuretics. 

D. B. Calvin, George Decherd and George Herrmann. 

From the Departments of Biological Chemistry and Medicine, University of Texas, 
School of Medicine, Galveston, Texas. 


Previous work 1 has led us to conclude that mercurial diuretics act 
by diminishing tubular reabsorption, while administration of amino- 
phyllin produces an increase in the volume of the glomerular filtrate. 
Earlier work 2 suggested a high circulating blood volume in con- 
gestive heart failure, but there was no complete agreement as to the 
change following diuresis. Recent determinations 3 by a more satis- 
factory method 4 demonstrate a marked elevation of blood and plasma 
volume in patients with failure, and a decrease towards normal with 
the development of circulatory compensation. A similar decrease 
has been noted after the use of mercurial diuretics. 5 

We have followed over 12 to 24 hours the changes in plasma 
volume, determined by the method of Gibson and Evelyn, 4 after the 

1 Herrmann, G., and Decherd, G., J. Lab. and Clin. Med., 1937, 22, 767. 

2 Goldhammer, S., Leiner, G., and Scherf, D., Klin. Woch., 1935, 14, 1109. 

3 Gib3on, J. G., and Evans, W. A., J. Clin. Invest., 1937, 10, 851. 

4 Gibson, J. G., and Evelyn, K., J. Clin. Invest., 1938, 17, 153. 

3 Harris, Alfred W., personal communication. 
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table III. 

Effect of Sulfonamides on Alpha-Hemolysin. 

Rabbit erythrocytes 1 % -f- 2 hemolytic units staphylococcus hemolysin incubated 
1 hour 37°C. 


Concentration, % 

.1 

.05 

.025 

.0125 

.006* 

.0002* 

Control 

Sulfanilamide 

2+ 

3+ 

3+ 

4+ 

4+ 

4+ 

4+ 

Sulfapyridine 



2+ 

3+ 

4+ 

4+ 

4+ 

Sulfathiazole 



2+ 

3+ 

4+ 

4+ 

4+ 


^Concentrations of .003, .0015, .0008, and .000-4 save same results as .006 and 
. 0002 . 


confirms the report of Osgood and Powell, 3 and of Gross, Cooper, 
and Lewis. 9 Similar experiments, using sheep erythrocytes with 
incubation at 37°C for one hour followed by 12 hours at 7°C, gave 
essentially the same result. 

Blood agar plates were prepared containing various concentra- 
tions of the 3 chemicals. The results in Table IV demonstrate 
that decreased production of hemolysin by staphylococci is due 
mainly to a decreased growth rate. 

In a series of experiments to determine the effect of these com- 
pounds upon staphylococcus enterotoxin, no demonstrable neutral- 
izing activity was found. Kittens injected intraperitoneally with 
toxin-sulfanilamide mixtures vomited in the same length of time, 
and with the same degree of severity as kittens injected with toxin 
alone. 

Using dilutions of 24 hour broth cultures of various strains of 
staphylococci mixed with various concentrations of the 3 com- 
pounds, no significant alteration of coagulase other than might be 
attributed to reduced growth rate of the organism was observed. 

Although numerous statements have been made concerning the 
mechanism by which sulfanilamide acts, there is very little proof 
in support of any of these, other than those concerning its bacterio- 
static action. The experiments described in this report were per- 
formed in the hope that the neutralization of the toxic products 


TABLE IV. 

Effect of Sulfonamides on Hemolysin Production in Bipod Agar Plates. 


Concentration % 


Control Sulfanilamide Sulfapyridine Sulfathiazole 
.01 0.1 1.0 .01 0.1 .01 0.1 


Diameter hemolysis (mm) 4.5 
Diameter colony (mm) 1.6 


3.3 2.1- 
1.5 1.0 


0.3* 

0.2 


2.S* 

0.8 


2 . 2 * 

0.7 


2.S* 

1.0 


1.2* 

0.7 


‘Indicates partial hemolysis. 


o Gross, P., Cooper, F. B., and Lewis, M., Psoc. Soc. Exp. Biol, and Med., 
1938, 38 , 275. 
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of the desired myocardial effect. As the rate of urinary flow accel- 
erates, this increase disappears and is followed by a reduction, the 
amount of which is determined by the rate of diuresis. 

The fluid eliminated during a rapid salyrgan diuresis seems to 
come largely from the plasma during the first 8 to 12 hours. After 
this period, as the rate of diuresis drops, the plasma volume is par- 
tially restored. In one of our cases there was a delayed diuresis, 
in one no diuretic response to the drug, and the plasma volume was 
slightly increased in each, suggesting that in addition to the usually 
dominant renal action, the mercurial also exerted an accessory effect 
on tissue fluid mobilization. 5 

The administration of 0.48 g of aminophyllin intravenously 
results in relatively large rise in the plasma volume, amounting in 
various individuals to from 400 to 1200 cc. The first rise coincides 
with the time of maximal diuresis; the plasma volume drops slightly 
during the period of rapid urine flow, but the rise continues as the 
degree of diuresis abates, and persists tor approximately 6 hours. 
After this time the volume drops sharply, presumably due to a return 
of fluid into the tissues, for the rate of urine production has by then 
dropped back nearly to the control level. In one experiment the 
usual rise in plasma volume was preceded 20 minutes after injection 
by a slight drop. The significance of this finding must be further 
explored. The striking increase in plasma volume after amino- 
phyllin injection cannot be adequately explained by the available 
data. The possible mechanisms for tissue fluid mobilization, as well 
as the concomitant shifts in total circulating plasma protein® are 
being further investigated. 

0 Calvin, I). B., Proc. Am. Physiol. So c., in piess. 
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TABLE I. 

Plasma Volume After Injection of Diuretics. 


Hr after 
drug inj. 

Plasma 
vol, cc 

Urine 

flow, 

cc/min 

Plasma 
vol, cc 

Urine 

flow, 

cc/min 

Plasma 
vol, cc 

Urine 

flow, 

cc/min 



Salyrgan. 





LH 

ET 

V 







r 


0 

4634 

0.86 

5260 

0.47 

5140 

0.53 

% 

4486 

1.17 

5520 

.70 

5110 

.85 

1 

4386 

8.00 

5000 

.79 

4620 

1.78 

o 

4060 

11.33 

4894 

.48 

4620 

4.53 

3 



4394 

.56 



5 



4916 

.99 

32S0 

3.78 

7 



5088 

1.29 



9 



4826 

1.31 



11 



4045 

1.33 





Aminopliyliin. 






A 

R 


AO 





f* 

' A 

f 


0 

3440 

1.00 

6240 

1.05 

6120 

1.17 






6488 

3.09 

1 

3713 

1.05 

6840 

2.87 

6383 

5.14 

o 

4170 

1.70 

6720 

3.35 

6500 

5.02 

3 

3976 

1.92 

6660 

3.14 

6697 

4.77 

5 

3537 

1.58 

6220 

2.04 

7202 

1.80 

7 

3732 


5220 

1.70 

6278 

1.55 

9 

3649 




4913 

1.08 

11 

3683 

.16 

5580 

1.20 

4072 

.60 



Digoxin. 





A 

HB 


SC 


0 

5070 

0.37 

3890 

0.10 

4710 

.83 

1 

5190 

.56 

4130 

4.52 

4310 

3.84 

2 

5150 

.85 

3640 

2.24 

4237 

3.67 

3 

4970 

.91 

3682 

5.20 

4273 

1.80 

5 

5170 

.90 

3800 

2.26 

4164 

6.08 

7 

5140 

1.33 

3790 

3.43 

3982 

4.50 

9 

4830 

1.70 

3060 

3.81 

3947 

8.20 

11 

4446 

2.29 

2505 

3.28 

3645 

10.00 

24 

3820 

2.25 






injection intravenously of one of the 3 types of diuretic drugs, 
salyrgan, aminophyllin, and digoxin. The urinary output has also 
been carefully followed, and the plasma volume correlated with the 
degree of diuresis. Data from typical experiments are recorded in 
Table I. It is to be emphasized that under the conditions of our 
experiments the plasma volume is influenced by fluid loss through 
the kidneys and fluid mobilization from the tissues. These factors 
exert an opposite effect, and their relative magnitude determines the 
blood volume. 

When digoxin is injected in a dose of 2 mg there is nrst noted a 
slight increase in the plasma volume. This has never been great, 
and the time of its appearance seems to depend on the attainment 
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TABLE I. 


Groups 

studied 

No. of mice No. of mice 

inoculated that died 

% of mice 
that died 


Experiment X. 



Control 

1 

30 

20 

66 

2 

30 

29 

96.6 

3 

30 

30 

100 


— 

— — 

— 

Totals 

90 

79 

87.7 

Experimental 

1 

30 

25 

83.3 

2 

30 

30 

100 

3 

30 

30 

100 



— 



Totals 

90 

85 

94.3 

1 

Experiment H. 
30 

4 

13.3 

2 

30 

7 

23.3 

3 

30 

27 

90 

4 

30 

27 

90 

5 

30 

0 

0 


In the above experiment, Neoprontosil did not protect mice from 
Cl. welchii infection. 

Experiment II — A 24-hour glucose broth culture was centrifuged 
at high speed. The supernatant was set aside and the sediment was 
repeatedly washed with saline. After repeated centrifugations and 
washings, enough saline was added to the cells to restore the original 
volume of the culture, and 0.1 cc of this suspension was used for 
the inoculations. 

One hundred fifty mice were separated into 5 groups of 30 mice 
each. Group 1 was inoculated intramuscularly with 0.1 cc of washed 
cells of Cl. welchii. Group 2 was inoculated intramuscularly with 
0.1 cc washed cells and 0.1 cc filtrate from the same culture. Group 
3 was inoculated with 0.1 cc washed cells and 0.1 cc filtrate, plus 1 cc 
Neoprontosil, Group 4 with 0.1 cc washed cells plus 1 cc Neopron- 
tosil, and Group 5 with 0.1 cc filtrate plus 1 cc Neoprontosil. 

Four mice (13.3%) died in Group 1, 7 (23.3%) died in Group 
2, 27 (90% ) in Group 3, 27 (90% ) in Group 4, and none in Group 5. 
(Table, Exp. II.) In this case, the injection of Neoprontosil w'ith 
washed cells of Cl. zuelchii led to the development of the correspond- 
ing infection, while the washed cells alone showed fittie tendency 
to develop in the tissues after inoculation. 

In repeating the above experiment, the dose of Neoprontosil was 
lowered, using 0./5 cc, 0.50 cc and 0.25 cc, and in every case, when 
the doie of Neoprontosil was given with washed cells of Cl. welchii. 




532 


11517 

Effect of Azosulfamide (Neoprontosil) on Experimental 
Welchii Infection in Mice. 

P. Morales-Otero and Luis M. Gonzalez. 

From the School of Tropical Medicine , University of Puerto Bico , under the 
auspices of Columbia University . 

Bliss and Long 1 report that sulfanilamide has a curative effect in 
mice infected with Clostridium welchii. Carpenter and Barbour 2 
report that oral administration of Neoprontosil prevented death in 
mice given the toxin of Clostridium welchii. We decided to study the 
effect of Neoprontosil (Winthrop Chemical Co.)* on experimental 
welchii infection in mice. 

The strain of Cl. welchii used in the following experiments was 
isolated from a human case of gas gangrene and is similar, in its 
biological characteristics, to the classical Cl. welchii described in 
textbooks. The culture was passed through Swiss mice before 
culturing in glucose broth in order to retain its virulence. Its M.L.D. 
for mice under these conditions was 0.1 cc of a 24-hour glucose 
broth culture. 

Experiment 1 — Ninety mice, separated into 3 groups of 30 each, 
were inoculated intramuscularly with ascending doses of a 24-hour 
glucose broth culture of Cl. welchii. The first group was injected 
with 0.05 cc, the second with .075 cc, and the third with 0.1 cc. 
Seventy-nine of these mice, or 87.7%, died before 72 hours — 20 
(66% ) in the first group, 29 (96.6%) in the second, and all ( 100% ) 
in the third. 

Ninety additional mice were similarly grouped and inoculated, 
but besides the corresponding dose of the organisms, each was given 
1 cc of Neoprontosil intramuscularly at the time of inoculation. 
Eighty-five (94.4%) mice died before 72 hours — 25 (83.3%) in 
the first group, and all (100%) in the second and third groups 
(Table I, Exp. I). 

Ten mice were similarly inoculated with 1 cc of Neoprontosil 
only, and all survived. 

1 Bliss, A. L,, and Long, P. H., J. Am. Med. Assn., 1937, 109, 1524. 

2 Carpenter, C. M., and Barbour, G. M., Pboc. Soc. Exp. Biol, and Med., 1939, 
41, 255. 

* The Neoprontosil used was 5% solution, kindly supplied by Mr. Eassow, local 
representative of the Winthrop Chemical Company. 
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establish the curve of its variation. For this purpose the results 
recently obtained by McGinty, Anderson and McCullough 1 provide 
a sensitive qualitative test and within limits (Haskins) 2 make pos- 
sible a rough quantitative assay. 

Method. Samples of blood were taken every 3 days and the serum 
extracted with ether. The ether extract was treated with 0.2 N 
sodium hydroxide and the ether-soluble fraction evaporated and the 
residue dissolved in peanut oil. A series of dilutions was made in 
such a way that each 0.1 cc of oil contained the ether-soluble fraction 
of 1, 2, 3 and 4 cc of normal serum, respectively. The hormone 
was tested by the method of local intrauterine injections of de 
Mussio-Foumier, Albrieux, Morato, and Grosso. 3 Immature rabbits 
of an average weight of 710 g were injected daily with 25 I.U. of 
estrogen (Amniotin) for 6 days. On the 7th day operation was 
performed under anesthesia, and 2 segments 2 cm long were isolated 
between ligatures in each uterine horn. Three of these were injected 
with the dilutions which contained the ether-soluble fraction of the 
different quantities of normal serum, and the fourth with peanut oil 
as a control. Autopsies were done at 72 hours after the operation 
and the segments of the uterus were examined histologically. The 
degree of endometrial proliferation was evaluated according to the 
scale of McPhail. 4 

Results. Figs. 1, 2 and 3 show the results obtained in 3 Rhesus 
monkeys of the same age and weight. The curve represents the 
variations of the degree of proliferation of the endometrium of the 
immature rabbit obtained with 1, 2, 3 and 4 cc, respectively, of blood 
serum, studied every 3 days. The maximum reactions corresponded 
to the value -r+4- cm the scale of McPhail and the minimum meas- 
ured between 0 and +. In 60% of those cases in which the serum 
extract gave a positive reaction in the segments in which it was 
injected, the segment injected with peanut oil also showed a positive 
reaction between ++ to +++ and +, probably because the hormone 
circulating in the blood stream is concentrated in the peanut oil. 
For this reason, in the second series the use of peanut oil as a control 
was abandoned. In the first study, made during the November- 

1 McGinty, D. A., Anderson, L. P., and McCullough, AT. B., ’Endocrinology , 1939, 
24, S29. 

- Haskins, Arthur L., Jr., Peoc. Soc. Exp. Biol, and Med., 1939, 42, 624. 

3 Mussio Fournier, J. C., Albrieux, A. S., Morato, J., and Grosso O., Bull, de 
l’ Acad, de Med. Paris, 1938, 120, 273; Bev. de Obstet. e Ginec. de Sao Paulo, 1938, 
3, 203; Endocrinology, 1939, 24, 515. 

1 McPhail, M. K., J. Physiol., 1935, 83, 145. 
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the animal succumbed to infection. On examining' the lesions 
produced, one could observe normal phagocytic activity and numer- 
ous organisms within the tissue of the lesions produced. Feinstone, 
Bliss, Ott and Long 3 present evidence indicating that the activity of 
Neoprontosil depends on its reduction to sulfanilamide in vivo. 

Gye and Cramer 4 found that ionizable salts of calcium inoculated 
together with washed spores of Cl. welchii or Cl. tetani led to the 
development of the corresponding infections in their fatal form, 
while washed spores alone did not lead to death. Fildes 5-7 thinks 
that there must be some definite stimulus to vegetation in the tissues 
injected by calcium salts, and suggests that this stimulus is probably 
the result of diminished oxygen tension. He showed further that 
the injection of solutions of calcium chloride lead to the production 
of localized areas of oxygen deficiency. We do not know if Neo- 
prontosil in this case acts in a similar way. 

Summary — We were unable to protect mice from M.L.D. of 
Cl. welchii by intramuscular injection of Neoprontosil. The intra- 
muscular injection of washed cells of Clostridium welchii with 
Neoprontosil in mice led to the development of a fatal infection. 
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Blood Progesterone During Sexual Cycle of Macaco rhesus ; 
Quantitative Assay. 

Ines L. C. de Allende.* (Introduced by G. W. Corner.) 

From the Department of Anatomy, The University of Rochester, School of 
Medicine and Dentistry. 

At the suggestion of Professor George W. Corner, the presence 
of progesterone in the blood during the menstrual cycle of the 
monkey, Macaca rhesus, has been studied and an effort made to 

3 Feinstone, W. H., Bliss, E. A., Ott, E., and Long, P. H., Bull. Johns Uoplins 
Hospital, 1938, 62, 565. 

•* Gye, W. E., and Cramer, W., Sixth Sci. Bep. Imp. Cancer Bes. Fund, 1919, 
pp. 40-57. 

5 Fildes, P., Frit. J. Exp. Path., 1927, S, 387. 

a Ibid., 1929, 10, 151. 

7 Ibid., 1929, 10, 197. 

* Fellow of the Argentina Association for the Advancement of Sciences. Ihis 
work wa3 made possible by a grant made to Dr. George W. Corner through the 
University of Rochester by the John and Mary R. Markel Foundation. 
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Monkey 163, which showed all negative reactions in the second 
half of the January-February cycle (Fig. 3) maintained this nega- 
tivity, during the first and part of that which would have constituted 
the second part of the February-March cycle, which was incomplete 
due to the failure of menstruation in the latter month. If we assume 
that menstruation would have occurred between the third and the 
seventh of March, the maximum reaction (++ ) was observed pre- 
cisely in this period and the curve maintains this maximum during 
what would have been the first half of the following cycle, thus being 
in accord with the first study made. In monkey 149 (Fig. 2) weak 
reactions were obtained at the end of the first and during the second 
half of the January-February cycle and moderate reactions in the 
first part of the February-March cycle. 

In order to control the procedure used we injected this animal 
with 0.010 g of progesterone daily for 5 days. Blood taken on the 
sixth day gave a +++ reaction of proliferation with 2 cc of serum, 
successive samples being negative. 

Quantitative Assay. If we use the figures found by McGinty to 
evaluate the uterine proliferative reactions we should be able, by 
trying measured doses, to calculate indirectly the quantity of pro- 
gesterone existing in the blood at any given moment. If as stated 
by this author, ++ to +++ reactions in the uterus of the rabbit are 
produced by doses of progesterone which vary from 5 to 0.5 y, when 
we obtain in our case the same reaction with 2 cc of serum, we may 
deduce that each cubic centimeter of blood serum contained, at the 
moment it was taken, between 2.5 and 0.25 y of progesterone. 

Conclusions. 1. The presence of progesterone was demonstrated 
in the blood of the normal Macaca rhesus. 2. The hormone in 
1, 2, 3 and 4 cc of blood serum was studied every 3 days by means 
of local intrauterine injection in immature rabbits and the degrees 
of progestational reaction of the endometrium measured according 
to the scale of McPhail. 3. With this procedure it was possible to 
obtain the curve of its variations during a complete menstrual cycle 
in 3 Rhesus monkeys of the same age and weight. 4. In 2 of the 
animals the curve shows its maximum (++ to +++ reaction) on 
the 10th and 11th day of the menstrual cycle respectively, while in 
the third it was maintained at a constant level (+ to + + reaction) 
during the first half of the cycle. In the 3 monkeys the curve 
gradually fell during the second half of the menstrual cycle. 
5. Studies repeated in 2 of the first animals, during 2 complete 
cycles, did not give such clear and definite results, perhaps because 
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Curves of progesterone iu the blood during the sexual cycle of Macaca rhesus. 


December cycle, the curve shows in monkeys 116 and 163 (Fig. 1 
and 3) a maximum reaction of + + + and ++ to +++, respectively, 
on the 10th and 11th day of the cycle, while in monkey 149 (Fig. 2) 
it is maintained at the same level (+ to + + ) during this first half 
of the cycle. In the 3 animals the curve drops gradually in the second 
half of the intermenstrual period; but while in 2 of them (Fig. 2 
and 3) it becomes negative 3 and 5 days before the next menstrua- 
tion, in monkey 116 (Fig. 1) it reaches a proliferative reaction 
equal to + the day before the catamenial flow. 

The great similarity of results in this first cycle was not observed 
when the investigation was repeated in animals 163 and 149. 
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Blood pressure of the normal rats, under nembutal anesthesia, will 
not exceed 140 mm of mercury when measured by this method, and 
less than 5% of the animals will show pressures in excess of 120. 
Blood volume, expressed in cc per 100 g body weight ranges from 
4.0 to 5.0 cc in normal animals weighing over 160 g while the upper 
limit in animals weighing less than 160 g is 5.3. All animals used 
in this study weighed well over 160 g. 

It is seen in Fig. 1 than in half of the 16 animals, represented by 
solid dots, the blood pressure was 140 or over. In all rats with blood 
pressures of 140 or higher the blood volume was 5.1 or more except 
in one case, a female with a blood pressure of 180 and a blood 
volume of only 3.8. This animal may have been pregnant and, if so, 
should not be included in the series. Some elevation of blood volume 
occurred in 3 animals with blood pressures over 130, while the 
remaining animals with definitely normal blood pressures tended to 
have blood volumes within the normal range. 

Procedure 2. The posterior lobe and half the anterior lobe of the 
pituitary were resected in 4 animals by the usual parapharyngeal 
route. All promptly developed typical diabetes insipidus. Blood 
pressure and blood volume measurements, made 7 to 10 days later, 
are charted as crosses in Fig. 1. All were normal. 

Procedure 3. Fourteen animals survived the combined pituitary 
and kidney operations as described in procedures 1 and 2. The 
operations were performed in 3 stages a week apart, the usual order 
being subtotal nephrectomy, pituitary operation, nephrectomy. The 
first blood pressure measurement was made one week after the last 



538 Blood Volume in Experimental Hypertension 

of lesser sensitivity of the rabbits to the same small quantities of 
progesterone which were found in the first cycle, rather than to a 
diminution of the circulating hormone. 6. By calculation from the 
figures obtained by McGinty, we arrive at the conclusion that during 
the menstrual cycle of one of the animals studied, the amount of 
progesterone in 1 cc of blood serum at any given moment varied 
between a maximum of 0.25 to 2.5 y and a minimum of 0.06 to 
0.12 y. 
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Blood Volume in Experimental Hypertension Following Subtotal 
Nephrectomy. Effect of Posterior Pituitary Lobectomy. 

J. Q. Griffith, Jr.,* and Dwight J. Ingle. 

From the Robinette Foundation, the George S. Cox Medical Research Institute, 
and the Medical Clinic of the Hospital of the University of Pennsylvania. 


Chanutin and Ferris 1 described the development of vascular 
hypertension in rats after a 2-stage operation in which two-thirds 
of one kidney and, later, all of the remaining opposite kidney were 
removed. McOueen-Williams, quoted by Winternitz, 2 noted that 
hypertrophy of the fragment of kidney remaining did not occur in 
such an animal if the pituitary was removed. It was not stated 
whether the hypophysectomy had any effect upon the development 
of the vascular hypertension. The following studies were under- 
taken to determine whether there was any blood volume change asso- 
ciated with an inadequate amount of renal substance, and what rela- 
tionship the pituitary, especially the posterior lobe, might bear to 
such change and to the blood pressure. 

Procedure 1. A series of rats were subjected to the procedure 
described by Chanutin and Ferris; 16 rats survived. Seven to 10 
days later blood pressure was measured by the indirect method of 
Griffith 3 and blood volume by the method of Griffith and Campbell. 4 

* Atwater Kent Fellow in Medicine. 

l Chanutin, A., and Ferris, E. B., Jr., Arch. Int. Med., 1932, 49, 767. 

- AIcQueen-Williams, M., unpublished. Quoted by Winternitz, M. C-, Thomas, 
E. M., and LeCompte, P. M., The Biology of Arteriosclerosis, C. C. Thomas, 1938. 

3 Griffith, J. Q., Jr., P roc. Soc. Exp. Biol, and Med., 1934, 33, 394. 

4 Griffith, J. Q., Jr., and Campbell, R., Proc. Soc. Exp. Biol, and Med., 1937, 

36, 38. 
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Blood pressure of the normal rats, under nembutal anesthesia, will 
not exceed 140 mm of mercury when measured by this method, and 
less than 5% of the animals will show pressures in excess of 120. 
Blood volume, expressed in cc per 100 g body weight ranges from 
4.0 to 5.0 cc in normal animals weighing over 160 g while the upper 
limit in animals weighing less than 160 g is 5.3. All animals used 
in this study weighed well over 160 g. 

It is seen in Fig. 1 than in half of the 16 animals, represented by 
solid dots, the blood pressure was 140 or over. In all rats with blood 
pressures of 140 or higher the blood volume was 5.1 or more except 
in one case, a female with a blood pressure of 180 and a blood 
volume of only 3.8. This animal may have been pregnant and, if so, 
should not be included in the series. Some elevation of blood volume 
occurred in 3 animals with blood pressures over 130, while the 
remaining animals with definitely normal blood pressures tended to 
have blood volumes within the normal range. 

Procedure 2. The posterior lobe and half the anterior lobe of the 
pituitary were resected in 4 animals by the usual parapharyngeal 
route. All promptly developed typical diabetes insipidus. Blood 
pressure and blood volume measurements, made 7 to 10 days later, 
are charted as crosses in Fig. 1. All were normal. 

Procedure 3. Fourteen animals survived the combined pituitary 
and kidney operations as described in procedures 1 and 2. The 
operations were performed in 3 stages a week apart, the usual order 
being subtotal nephrectomy, pituitary operation, nephrectomy. The 
first blood pressure measurement was made one week after the last 
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operation. Only 2 of the 14 animals were hypertensive. This meas- 
urement was repeated one week later, when 7 out of 14 were found 
to be hypertensive. Thus the appearance of the hypertension was 
somewhat delayed. At this time blood volume was measured in 12 
animals (one died and in one there was a technical error in the 
intravenous injection of the dye). The results are shown in Fig. 1 
as open circles. Blood volume was increased in only 2 animals, one 
of which was hypertensive while one was not. Blood volume was 
normal in 4 animals with hypertension. 

As an unexpected finding, certain animals undergoing the com- 
bined operations as outlined in procedure 3 developed gangrene of 
the tail, which may be described as moist in contrast with the dry 
gangrene seen after ergotamine poisoning. This occurred in 8 of 
the 13 surviving animals, 12 of which are charted in Fig. 1. Rats 
with gangrene are indicated by dots placed centrally in the open 
circles. The 13th animal had a blood pressure of 163, no tail gan- 
grene, but blood volume determination failed and, therefore, it is 
not charted. It is apparent that there was a tendency for animals 
developing hypertension to escape the gangrene. 

Comment. While the number of animals is too small to permit 
absolute conclusions, certain tendencies are obvious. The increase 
in blood pressure occurring in rats with only about half of one 
kidney remaining is associated, as a rule, with increased blood 
volume. In the absence of the posterior lobe of the pituitary, such 
elevation in blood volume does not occur, but the vascular hyper- 
tension is unaffected. This may mean that the increased blood 
volume is maintained through the mediation of the posterior lobe of 
the pituitary, or, more likely, that in the presence of a marked con- 
tinuous diuresis an increased blood volume is more difficult to main- 
tain. The gangrene of the tail is difficult to explain. It has never 
occurred in several hundred cases where either the kidney or the 
pituitary operations were performed alone. It would appear that 
without a vascular hypertension the animal is unable adequately to 
maintain its peripheral circulation under the conditions detailed in 
procedure 3. 

Summary. Experimental hypertension may develop in the par- 
tially nephrectomized rat in either the presence or absence of the 
posterior pituitary. In the presence of the posterior pituitary 7 of S 
hypertensive rats showed an increase in blood volume whereas in 
the absence of the posterior pituitary 4 of 5 hypertensive rats showed 
a normal blood volume. 
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Axon Branching After Nerve Regeneration.* 

W. G. Watrous. (Introduced by J. M. D. Olmsted.) 

From the Division of Physiology, University of California Medical School, 
Berkeley, California. 

Langley and Anderson 1 proved by physiological methods that 
regenerating axons often branch ; Kilvington 2 employed both physi- 
ological and histological methods to demonstrate the multiplication 
of axons in the regenerating segment of a peripheral nerve. Bender 
and Fulton 3 showed functional disorders after regeneration of the 
oculomotor nerve in the chimpanzee and attributed them to fiber 
splitting and aberrancy. There is complete unanimity regarding 
the presence of branching axons during regeneration, and in fact 
this response has been used as a method to make up for the deficit 
of axons in cases of anterior poliomyelitis (Feiss, 4 Dogliotti, 5 , Aird 
and Naffziger, 0 and others). To our knowledge, however, there 
have been no experiments reported which directly record those 
muscular contractions which fiber branching makes possible through 
the axon-reflex. 

After section of the peroneal and popliteal branches of the sciatic 
nerve at the knee in the cat and dog and regeneration has well com- 
menced, an opportunity is afforded to show the axon-reflex contrac- 
tion in both the anterior and the posterior tibial muscles. Stimula- 
tion of the posterior tibial nerve (a mixed nerve) at the heel will 
cause a contraction of the gastrocnemius and stimulation of the 
superficial peroneal nerve (sensory only) at the ankle will provoke 
a contraction in the tibialis anticus even after cutting the sciatic in 
the thigh (Fig. 1). With the use of a strong tetanizing current, 
the curves are similar in form to those produced by stimulating the 
appropriate motor branch of the sciatic nerve with a like current. 
Progressive downward section of the sciatic nerve to a point just 
above the neuroma does not affect the contraction in the least, but 

* This investigation has been supported by a grant from the Research Board 
of the University of California. 

l Langley, J. N., and Anderson, H. K., J. Physiol., 1902, 29, iii. 

- Kilvington, B., Brit. Med. J., 1905, 1, 935. 

3 Bender, M. B., and Fulton, J. F., J. X euro physiol., 193S, 1, 144. 

4 Feiss, H. O., Dost. Med. and Sci. J., 1911, 1G4, 667. 

3 Dogliotti, A. M., J. dc Chir., 1935, 45, 30. 

0 Aird, K., and Naffziger, H. C., Arch. Surg., 1939, 38, 906. 
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Via. l. 

Tracing of an ason-reflex contraction of the tibialis anticus on stimulation of 
the superficial peroneal nerve, and of the gastrocnemius on stimulation of the 
posterior tibial nerve, after cutting the sciatic in the thigh. 

section of the sciatic nerve just below the neuroma immediately and 
permanently abolishes the axon-reflex contraction. No histological 
counts were made, but an idea of the degree of fiber-splitting may 
be gained from the fact that such an axon-reflex contraction may 
be as much as three-fourths the height of the contraction caused by 
maximal motor nerve stimulation. 

The fiber branching undoubtedly contributes to the incoordination 
which follows nerve section and nerve regeneration in the limb, as 
previously shown by Bender and Fulton 3 for the eye, but since the 
peroneal nerve innervates exclusively flexors and the popliteal nerve 
innervates mainly extensors, this factor is minimized. The axon- 
reflexes furthermore persist and are not eliminated by a process of 
atrophy as suggested by Langley 7 for aberrant fibers, since they are 
found in full force even after eighteen months. 

Summary. Confirmation of axon branching as a result of nerve 
regeneration has been obtained by physiological methods. The axon- 
reflex contraction made possible through such branching possesses 
all the characteristics of a muscular contraction evoked by direct 
electrical stimulation of the motor nerves concerned. 


7 Langley, J. N., •/ . Physiol., 1897, 23, 215. 
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Generalized Edema in Chicks Prevented by d, 1-Alpha 
Tocopherol.* 

H. R. Bird and Thos. G. Culton. (Introduced by T. C. Byerly.) 

From the Department of Poultry Husbandry of the University of Maryland, 
College Park, Maryland. 

The experiments here reported were designed to study the nutri- 
tive completeness of different samples of dried skimmilk for chicks. 
A basal ration was developed in which all the protein is supplied by 
dried skimmilk and the known deficiencies of dried skimmilk are 
corrected by the addition of small amounts of various supplements. 
This ration, referred to as Ration 3, has the following composition : 
dried skimmilk 54%, dextrinized starch 44%, ground limestone 1%, 
and NaCl 1%, plus 0.12% of ferric citrate, 0.012% of 
MnSQj • 4H a O and 0.0012% of CuSO* • 5H a O. Cod liver oil is 
administered by pipette thrice weekly. Chicks consume this diet 
readily but grow at a somewhat subnormal rate. 

When certain samples of dried skimmilk are fed as a part of this 
ration, a severe generalized edema develops in a large percentage of 
the chicks. The first manifestation of this condition is extreme 
subcutaneous edema in some chicks as early as 3 weeks of age, and 
sufficient in extent to be readily detected without handling the chicks. 
Many chicks develop a characteristic straddling stance, the legs being 
forced apart by the great accumulation of fluid under the skin of 
the ventral body surface. The subcutaneous edema may also extend 
to the neck and back of the head. No recoveries have been observed ; 
al! birds so affected have died within 2 or 3 weeks. Death is fre- 
quently preceded by stupor, seldom lasting longer than 10 to 12 
hours. Labored breathing is frequently observed during this period. 

A considerable proportion of the chicks die between the ages of 
3 and 9 weeks without manifesting any subcutaneous edema. The 
most consistent post mortem finding in such chicks, as well as in 
those with subcutaneous edema, has been extreme distention of the 
heart and pericardium, the latter being filled with exudate. Other 
common post mortem findings have been ascites, edema of the brain 
and lungs, and coronary and intestinal hyperemia. In one case, in 
excess of 50 cc of ascitic fluid were removed from a 600 g bird. 

* Supported in part by a grant from tbe American Dry Milk Institute, Inc. 

Scientific Contribution No. 514, Maryland Agricultural Experiment Station. 
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Fia. 1. 

Tracing of an axon-reflex contraction of the tibialis anticus on stimulation of 
the superficial peroneal nerve, and of the gastrocnemius on stimulation of the 
posterior tibial nerve, alter cutting the sciatic in the thigh. 

section of the sciatic nerve just beloiv the neuroma immediately and 
permanently abolishes the axon-reflex contraction. No histological 
counts were made, but an idea of the degree of fiber-splitting may 
be gained from the fact that such an axon-reflex contraction may 
be as much as three-fourths the height of the contraction caused by 
maximal motor nerve stimulation. 

The fiber branching undoubtedly contributes to the incoordination 
which follows nerve section and nerve regeneration in the limb, as 
previously shown by Bender and Fulton 3 for the eye, but since the 
peroneal nerve innervates exclusively flexors and the popliteal nerve 
innervates mainly extensors, this factor is minimized. The axon- 
reflexes furthermore persist and are not eliminated by a process of 
atrophy as suggested by Langley 7 for aberrant fibers, since they are 
found in full force even after eighteen months. 

Summary. Confirmation of axon branching as a result of nerve 
regeneration has been obtained by physiological methods. The axon- 
reflex contraction made possible through such branching possesses 
all the characteristics of a muscular contraction evoked by direct 
electrical stimulation of the motor nerves concerned. 


T Langley, J. N., J • Physiol., 1897, 22, 215. 
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Effect of administration of d, 1-Alpha Tocopherol on incidence of edema and 
mortality associated with edema in chicks fed Ration 3. 

tocopherol. At this time 10 of the 15 untreated birds had become 
edematous. The first death associated with edema in the treated 
group occurred at 10 weeks of age, at which time 11 of the 15 
untreated chicks had died with edema. These results would seem to 
show conclusively that this disease is a manifestation of a deficiency 
of d, 1-alpha tocopherol. 

Comparison of the symptoms described here with those described 
in detail by Dam and Glavind 2 would seem to indicate that the differ- 


2 Dam, H., and Glavind, J., SI. and. Arch, fur Physiol., 1939, 83, 299. 
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table i. 

Mortality and Incidence of Edema in Chicks Fed Ration 3 with and without 

Supplements. 


Exp. 

No. 

Skimmilk 

Supplement 

No. of 
chicks 

% edema 

% mortality 

f ” \ 

5 wk 8 wk 

f \ 

5 wk 8 wk 

o 

S* 

0 

13 

62 


62 



W* 

0 

16 

19 


31 


3 

S 

0 

30 

37 

53 

50 

73 


w 

0 

30 

57 

77 

67 

90 

6 
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0 

33 

30 

42 

51 

93 
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32 

31 

53 

59 

94 
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3% dehydrated gras3 

32 
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0 

9 

25 


w 

3% " »» 

32 

0 

0 

3 

9 


s 

6% yeast 

32 

25 

50 

41 

72 


w 

6% ” 

31 

26 

46 

46 

89 

# S 

= Summer; IV 

= Winter. 







The first proof that the edema was the result of dietary deficiency 
was afforded by an experiment in which dehydrated cereal grassf 
was fed as a supplement to the basal ration. The results of this 
and other experiments are summarized in Table I. Samples of dried 
skimmilk prepared in summer and in winter were fed, but no 
difference in response was observed. The figures in the table 
establish the protective effect of grass and the lack of protective 
effect of yeast. 

A trial of the effectiveness of d,l-alpha tocopherol was suggested 
by the report of Dam and Glavind 1 on its effectiveness in preventing 
the “alimentary exudative diathesis” described by them. Synthetic 
d,l-alpha tocopherol^ was dissolved and suitably diluted with cod 
Iive>- oil and administered thrice weekly to a group of 10 chicks in 
doses of such size as to approximate 7.5 Mg per gram live weight per 
day. Dosing was begun when the chicks were 4 days of age and 
continued to the age of 32 days at which time the supply of alpha 
tocopherol was exhausted. The negative control group consisted of 
15 chicks. The results of this experiment are shown graphically in 
Fig. 1 which shows the cumulative incidence of edema and the 
cumulative mortality associated with edema. The first case of edema 
did not appear in the treated group until the chicks were 9 weeks old, 
4y 2 weeks after the administration of the last dose of alpha 

t Supplied by the American Butter Company, Kansas City, Mo., through the 
courtesy of Dr. W. R. Graham, Jr. 

t Supplied by Merck and Co., Inc., Rahway, N. J., through the courtesy of 
Dr. G. W. Lewis. 

l Dam, H., and Glavind, J., Nature, 1939, 143, 810. 
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guinea pigs and hence may be assumed to exert a destructive effect 
on vitamin E. Such destruction was not evidenced under the con- 
ditions of this experiment, and administration of alpha tocopherol 
in cod liver oil appears to be an entirely practical procedure in experi- 
ments of this kind. Nondestearinated U.S.P. cod liver oil was used, 
and 100 mg of alpha tocopherol were dissolved and diluted in this 
oil at one time. Such an amount was sufficient to last for 7 to 10 
days. It was kept in the refrigerator when not in use. 

Summary. A large percentage of chicks fed a laboratory diet of 
dried skimmilk, dextrinized corn starch, cod liver oil, and mineral 
salts develop a generalized edema and die. The most consistent 
post mortem finding is edema of the heart and pericardium. This 
disease can be prevented by administration in cod liver oil of syn- 
thetic d, 1-alpha tocopherol. The disease has not been observed in 
any chicks fed practical rations. 
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Effect of Amino Acids, of Vitamin B Complex and Other 
Compounds on Respiration of Bakers’ Yeast. 

Elton S. Cook, Elsie M. Walter and Sister Mary Redempta 
Eilert, S.S.J.* (Introduced by S. Tashiro.) 

From the Research Laboratories of the Institutum Divi Thomae, Cincinnati, Ohio. 

* 

In our laboratories a considerable amount of work has been done 
on the effects of various fractions from yeast and other sources on 
the respiration and proliferation of yeast and tissues. In this con- 
nection experiments have been performed with pure substances some 
of which may be present in these preparations. The results of these 
experiments are the subject of the present paper. 

Although we have used pure cultures of yeast in some of our 
respiration work (pure cultures are always used in proliferation 
studies), it has been desirable to have a readily available and reason- 
ably constant source of yeast in quantity. We have found that 
Fleischmann’s bakers’ yeast answers these requirements fairly well. 
(Anheuser-Busch bakers’ yeast has also been used with equal satis- 
faction in later work, but the experiments herein reported deal with 


* xVssiatance in some experiments was given by Vincent Saeksteder, 



546 Edema in Chicks Prevented by d,l-Alpha Tocopherol 

ences are differences of degree. The Danish workers report exuda- 
tion in subcutaneous tissues and, rarely, in the cavum peritoneum; 
and they report, further, that the disease as observed by them 
terminates frequently in recovery and occasionally in death. From 
this standpoint as well as from the standpoint of ease of preparation, 
the ration used in these studies would appear to offer greater possi- 
bilities for vitamin E assay than the ration used by Dam and Glavind, 
who have suggested that an assay method might be developed on the 
basis of their experiments. Further experiments, designed to 
explore these possibilities, are in progress. 

It is of interest to point out that localized edema is consistent and 
conspicuous among the histopathological changes in the brains of 
encephalomalacic chicks, as reported by Pappenheimer et al ., 3 since 
Dam et al , 4 have found this disease also to be preventable by d,I-alpha 
tocopherol. It should be pointed out also that Pappenheimer et al. 
reported a very low incidence of subcutaneous edema in encephalo- 
malacic chicks observed by them. In these experiments edema of the 
brain was frequently noted, but in no case were the symptoms of 
encephalomalacia observed in the living edematous birds. Two cases 
of encephalomalacia were observed among the groups in which gen- 
eralized edema was prevented by feeding dehydrated grass. This is 
in agreement with Dam’s statement that encephalomalacia occurs 
on a higher intake of vitamin E than does exudative diathesis. 

Dam and Glavind 2 have pointed out that the edema-producing 
diets used by them were very low in fat, and have discussed the 
relationship of this fact to the finding of Pappenheimer et al . 3 that 
the incidence of encephalomalacia was increased by increasing the 
fat content of the diet. They postulate further that vitamin E may 
act in two different ways against encephalomalacia and exudative 
diathesis respectively. It may be noted that the edema-producing 
diet described in this paper is also low in fat although none of the 
constituents were subjected to extraction to lower their fat content. 

The results of the experiments with alpha tocopherol are of some 
interest from the standpoint of method of administration since it 
has been reported by Madsen et al . 5 and by Morris 6 that cod liver 
oil favors the development of muscular dystrophy in rabbits and 

3 Pappenheimer, A. M., Goettsch, M., and Jungherr, E., Conn. Agr. Exp. Sta. 
Sul., 229, 1939. 

•l Dam, H., Glavind, J., Berntli, O., and Hagens, E., Nature, 1938, 142, 1157. 

5 Madsen, L. L., McCay, C. M., and Maynard, L. A., Proc. Soc. Exp. Biol, and 

Med., 1933, 30, 1434. 

6 Morris, S. G., Science, 1939, 00, 424. 
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guinea pigs and hence may be assumed to exert a destructive effect 
on vitamin E. Such destruction was not evidenced under the con- 
ditions of this experiment, and administration of alpha tocopherol 
in cod liver oil appears to be an entirely practical procedure in experi- 
ments of this kind. Nondestearinated U.S.P. cod liver oil was used, 
and 100 mg of alpha tocopherol were dissolved and diluted in this 
oil at one time. Such an amount was sufficient to last for 7 to 10 
days. It was kept in the refrigerator when not in use. 

Summary. A large percentage of chicks fed a laboratory diet of 
dried skimmilk, dextrinized corn starch, cod liver oil, and mineral 
salts develop a generalized edema and die. The most consistent 
post mortem finding is edema of the heart and pericardium. This 
disease can be prevented by administration in cod liver oil of syn- 
thetic d, 1-alpha tocopherol. The disease has not been observed in 
any chicks fed practical rations. 
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Effect of Amino Acids, of Vitamin B Complex and Other 
Compounds on Respiration of Bakers’ Yeast. 

Elton S. Cook, Elsie M. Walter and Sister Mary Redempta 
Eilert, S.S.J.* (Introduced by S. Tashiro.) 

From the Sesearcli Laboratories of the Institutum Vivi Thomae, Cincinnati, Ohio. 

In our laboratories a considerable amount of work has been done 
on the effects of various fractions from yeast and other sources on 
the respiration and proliferation of yeast and tissues. In this con- 
nection experiments have been performed with pure substances some 
of which may be present in these preparations. The results of these 
experiments are the subject of the present paper. 

Although we have used pure cultures of yeast in some of our 
respiration work (pure cultures are always used in proliferation 
studies), it has been desirable to have a readily available and reason- 
ably constant source of yeast in quantity. We have found that 
Fleischmann’s bakers' yeast answers these requirements fairly well. 
(Anheuser-Busch bakers’ yeast has also been used with equal satis- 
faction in later work, but the experiments herein reported deal with 


* Assistance in some experiments vraa given by Vincent Sacksteder. 
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Fleischmann’s.) To insure sufficient uniformity we always use the 
yeast within 3 days after the “cutting” date. 

All determinations were made by the direct Warburg method, 
using the technic previously described. 1,2 Fleischmann’s bakers’ 
yeast from the center of a fresh 1-lb cake was washed 2 times by 
centrifugation with the suspending medium (Ringer-phosphate- 
glucose; 0.02% glucose; pH 7.3). The yeast was then made up 
with fresh medium to give a count of 250 as determined by a photo- 
electric densitometer. A count of 1 equals 250,000 cells per cc, or 
0.064 mg (wet weight) of yeast per cc. One cc of the yeast suspen- 
sion (containing an average of 3.9 mg dry weight of yeast), the 
desired amount of test solution and sufficient Ringer-phosphate- 
glucose to give a volume of 3.1 cc were placed in the outer well of 
the manometer flask and 0.2 cc of N KOH was placed in the inner 
well (trial showed the use of KOH papers to be unnecessary). After 
an equilibrium period of 15 minutes, the manometers were shaken 
for a 25-minute respiration period, in air, at 37.5°C. Under these 
conditions the control respirations usually ran between 40 and 60 
mm 3 corresponding to a Q<£ of about 25 to 37. 

The substances tested were usually dissolved, or in some cases 
suspended, in Ringer-phosphate-glucose; a few of the less soluble 
materials were dissolved in distilled water. After adjustment of 
pH to 7.3 with sodium hydroxide or hydrochloric acid, the concen- 
tration was such that no more than 1 cc of the solution was added 
to the flasks. Certain of the substances, normally insoluble, were 
thus dissolved as the sodium salts. t 

Variations of ±5-7% are within experimental error. Only stimu- 
lations of 10% or greater are regarded as being significant. All data 
reported are the result of 2 to 6 determinations at each of not fewer 
than 4 concentration values within the limits given. 

Of the amino acids examined in concentration ranges of 0.069 to 
1.0 mg per cc, the following were inactive: d-alanine, arginine, 
cystine, glutamic acid, glycine, I-histidine, dl-y3-phenylalanine, 
1-proline, and 1-tryptophane. The following, in different experi- 
ments, varied from inactive to slightly active ( 10-15% stimulation) : 
dl-alanine, 1-alanine, /?-alanine, 1-aspartic acid, 1-leucine and tyrosine. 

In another series of experiments several members of the vitamin 
B complex were examined.-}- Of these, nicotinic acid (0 .077-0.77 

1 Cook, E. S., Kreke, C. W., and Nutini, L. G., Studies Inst. Dim Thomae, 1938, 

3 23; Cook, E. S., Hart, M. J., and Joly, S. S., Pitoc. Soc. Exp. Biol, and Med., 
1938, 38, 169. 

2 Cook, E. S., and Morgan, M. N., Biochem. J., 1940, 34, 15. 
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table I. 

Effect of Thiamin Hydrochloride on Respiration of Bakers’ Yeast. 


Cone., mg/cc % stimulation 


.008 

8 

.017 

6 

.012 

12 

.083 

26 

.106 

26 

.420 

34 

.830 

0 


mg/cc) and riboflavin (0.0097-0.97 mg/cc) were inactive. Vitamin 
B 0 (0.01-0.98 mg/cc) was generally inactive although occasional 
stimulation of the order of 10% was found with some batches of 
jeast. Thiamin hydrochloride showed an activity dependent upon 
the concentration, there being an optimum concentration range as 
shown by the results of a typical experiment in Table I. Of the 2 
components of the thiamin molecule, 4-methyl-5-j8-hydroxyethyl 
thiazole showed no significant activity in concentrations of 0.012 to 
1.15 mg per cc. 2-Methyl-4-amino-5-ethoxymethyl pyrimidine was 
inactive between 1.05 and 0.11 mg per cc; slight activity (10-13%) 
was found in concentrations down to 0.01 mg per cc. However, an 
equimolecular mixture of the 2 showed the same activity as thiamin 
in total concentration ranges of 0.05 to 0.50 mg per cc ( e.g., at 0.1 
mg/cc, thiamin gave 29% and the mixture 30% stimulation). 

The following substances were also inactive in stimulating respira- 
tion: adenosine phosphate (Hoffmann-LaRoche) (0.076-0.76 
mg/cc), yeast nucleic acid (0.08-0.8 mg/cc), thymus nucleic acid 
(0.08-0.8 mg/cc), inositol (0.097-0.97 mg/cc) and hippuric acid 
(0.094-0.94 mg/cc). 

Insulin (Iletin, Lilly) was inactive in a concentration of 0.016 
mg (or 0.13 unit) per cc but caused 18% stimulation in 10 times 
this concentration. Concentrations of 0.8 mg (6.5 units) and 1.6 
mg (13 units) per cc gave, respectively, 240% and 330% stimula- 
tion. 

From the results it is seen that most of the amino acids, under the 
conditions used, were inactive or of a very low order of activity. 
It will be recalled that l-leucine 3 and (l-alanine 3,4 (by itself or com- 

t We wish to thank Drs. B. T. Major and J. M. Carlisle of Merck and Co. for 
gifts of synthetic thiamin, 2-methyl-4-amino-5-ethoxymethyl pyrimidine, 4-methyI- 
•Syt-hydroxyethyl thiazole, riboflavin and vitamin B 6 . 

3 Miller, W. L., Trans. Soy. So c. Can., Ill, 1936, 30, 99. 

4 'Williams, B. J., and Rohrmann, E., J. A m. C/tem. Soc., 1930, 58, C95. 
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Fleischmann’s.) To insure sufficient uniformity we always use the 
yeast within 3 days after the “cutting” date. 

All determinations were made by the direct Warburg method, 
using the technic previously described. 1 - 2 Fleischmann's bakers’ 
yeast from the center of a fresh 1-lb cake was washed 2 times by 
centrifugation with the suspending medium (Ringer-phosphate- 
glucose; 0.02% glucose; pH 7.3). The yeast was then made up 
with fresh medium to give a count of 250 as determined by a photo- 
electric densitometer. A count of 1 equals 250,000 cells per cc, or 
0.064 mg (wet weight) of yeast per cc. One cc of the yeast suspen- 
sion (containing an average of 3.9 mg dry weight of yeast), the 
desired amount of test solution and sufficient Ringer-phosphate- 
glucose to give a volume of 3.1 cc were placed in the outer well of 
the manometer flask and 0.2 cc of N KOH was placed in the inner 
well (trial showed the use of KOH papers to be unnecessary). After 
an equilibrium period of 15 minutes, the manometers were shaken 
for a 25-minute respiration period, in air, at 37.5°C. Under these 
conditions the control respirations usually ran between 40 and 60 
mm 3 corresponding to a of about 25 to 37. 

The substances tested were usually dissolved, or in some cases 
suspended, in Ringer-phosphate-glucose; a few of the less soluble 
materials were dissolved in distilled water. After adjustment of 
pH to 7.3 with sodium hydroxide or hydrochloric acid, the concen- 
tration was such that no more than 1 cc of the solution was added 
to the flasks. Certain of the substances, normally insoluble, were 
thus dissolved as the sodium salts. 

Variations of ±5-7% are within experimental error. Only stimu- 
lations of 10% or greater are regarded as being significant. All data 
reported are the result of 2 to 6 determinations at each of not fewer 
than 4 concentration values within the limits given. 

Of the amino acids examined in concentration ranges of 0.069 to 
1.0 mg per cc, the following were inactive: d-alanine, arginine, 
cystine, glutamic acid, glycine, 1-histidine, dl-/3-phenylalanine, 
1-proline, and 1-tryptophane. The following, in different experi- 
ments, varied from inactive to slightly active ( 10-15% stimulation) : 
dl-alanine, 1-alanine, /3-alanine, 1-aspartic acid, 1-leucine and tyrosine. 

In another series of experiments several members of the vitamin 
B complex were examined.f Of these, nicotinic acid (0.077-0.77 

1 Cook, E. S., Kreke, C. W., and Nutini, L. G., Studies Inst. Divi Ihomae, 1938, 

3 23; Cook, E. S., Hart, M. J., and Joly, E. S., Pkoc. Soc. Exp. Biol, and Med., 
1938, 38, 169. 

2 Cook, E. S., and Morgan, M. N., Biochem. J., 1910, 34, 15. 
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Obviously, as with growth factors, the effectiveness of various 
substances on the respiration of yeast will depend upon the strain 
of yeast, the medium, and the general technique. The present re- 
sults are of value in checking against the activity of various frac- 
tions from yeast and animal tissues which we are assaying by means 
of the technique used in this paper. Under different conditions 
certain of the apparently inactive materials may assume importance 
when they become limiting substances. Suggestions of this are 
seen in the case of several amino acids and vitamin B 0 . 

Summary. A number of amino acids, members of the vitamin B 
complex, and miscellaneous substances have been examined for their 
effects on the respiration of Fleischmann’s bakers’ yeast. Most of 
the substances are inactive or only slightly active, but thiamin, or a 
mixture of its pyrimidine and thiazole components, and insulin 
have marked activity. 
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Quantitative Studies of Cell Types in Rat Hypophysis Following 
Administration of Antigonadotropic Serum.* 

John C. Finerty, Herbert S. Kupperman and 
Roland K. Meyer. 

from the Department of Zoology, University of Wisconsin. 


Several reports in the literature have shown that treatment of 
animals with antigonadotropic serum causes a condition in the 
pituitary gland analogous to that found in castrated animals. Sever- 
inghaus and Thompson 1, 2 have described cytological changes in 
the hypophyses of dogs injected with antihormones. In these 
animals there was an increase in the basophile cells and a correspond- 
ing decrease in the chromophobes which was associated with an 
atrophy of the gonads, thyroids, and adrenals. Physiological effects 
have been demonstrated in rats by Meyer and Kupperman 3 who 

* Aided in part by a grant from tbe Wisconsin Alumni Research Foundation 
and by assistance furnished by the personnel of W.P.A. Official Project No. 
65-1-53-2349. 

1 Severinghaus, A. E., and Thompson, K. W., Peoc. Soc. Exp. Biol, and Med., 
1939, 40, 627. 

2 Severinghaus, A. E., and Thompson, K. W., J m. J. Path., 1939, 13, 391. 

3 Meyer, R. K., and Kupperman, H. S., Peoc. Soc. Exp. Biol axd Med., 1939, 
42, 2S5. 
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bined in pantothenic acid 5,6 ) have been identified as bios components 
for various yeasts. Pratt and Williams 7 found that, while both 
pantothenic acid and ^-alanine increased the respiration of deficient 
Gebriider Mayer yeast, pantothenic acid was ineffective on Fleisch- 
mann’s cake yeast, presumably owing to an adequate supply of 
pantothenic acid in the latter yeast. This checks our observations on 
the usual inactivity of y?-alanine. The relative ineffectiveness of 
the amino acids contrasts markedly with the stimulating effects of 
non-toxic concentrations of saturated fatty acids on bakers' yeast; 
these effects appear to be due to the ability of the yeast to oxidize 
the fatty acids. 2 

Among the other substances examined, thiamin, vitamin B 0 , and 
inositol may also act as bios components for certain strains of yeast 
Of these, only thiamin was definitely effective in stimulating the 
respiration of bakers’ yeast. Williams 7 found similar results with 
both Gebriider Mayer and Fleischmann’s yeasts. It is of interest 
that, while the 2 components of the thiamin molecule are essentially 
inactive by themselves (the pyrimidine portion showing only very 
slight activity), an equimolecular mixture is as effective as the intact 
molecule. This suggests an ability of the yeast to combine the 
thiazole and pyrimidine moieties into the whole molecule which 
would seem to be essential for an increase in respiration. In con- 
trast, Schultz, Atkin and Frey 8 found the pyrimidine portion to be 
equally as effective as thiamin in stimulating fermentation by bakers’ 
yeast, the thiazole portion being ineffective. 

The inactivity of yeast nucleic acid checks the observation of 
Pourbaix 0 who found that sodium nucleinate has no effect on the 
normal respiration of yeast; it will, however, restore to normal 
respiration which has been depressed by styryl 430. 

The very marked effect of insulin in increasing the oxygen uptake 
of yeast is particularly interesting in view of the reports that it does 
not accelerate the fermentation of glucose by yeast. 10 These ex- 
periments are being extended in our laboratories. 

5 Williams, E. J., and Saunders, D. H., Biochem. J., 1931, 28, 1886. 

o Rainbow, C., J. Institute Brewing, 1939, 45, 533; Rainbow, C., and Bishop, 

I,. B., ibid., 1939, 45, 593. 

7 Pratt, E. F., and Williams, E. J., J. Gen. Physiol., 1939, 22, 637. 

8 Schultz, A. S., Atkin, L., and Frey, C. N., J. Am. Cliem. Soc., 1937, 50, 2457. 

9 Pourbaix, Y., Compt. rend. soc. biol., 1939, 131, 1306. 

10 Fiirtk, O., Biochem. Z., 1923, 150, 265; Laufberger, V., Z. ges. exp. Med., 
1924 43, 570; Travel), J. G., and Bekre, J. A., Pboc. Soc. Exp. Biol, a nd Med., 
1923-4, 21, 478 ,’ Euler, H. von, and Myrback, K. t Z. physiol, chem., 1925, 150, 1. 
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types in the pituitary gland and the resulting ovarian weights which 
follow cessation of the antigonadotropic serum treatment are 
recorded in Table I. 

In rats treated for 10 days with antigonadotropic serum and 
killed on the day following the last injection, the pituitary glands 
exhibited a picture of extreme basophilism; 31.9% of all the cells 
were basophiles, in contrast to 5-10% found in normal animals of 
the same age. The average percentage of chromophobes in these 
treated animals was 50, showing a definite decrease from the normal 
level of 70% found in littermate controls. Since no perceptible 
variation could be detected in the percentage of acidophiles from the 
normal level during or after treatment, the increase in the number 
of basophiles appeared to account for the corresponding decrease 
in chromophobes. The basophilism produced by the injection of 
antigonadotropic serum appeared to be the same as that found in 
castrated rats. 

Animals killed at later intervals after cessation of treatment 
showed a progressive decrease in the percentage of basophiles and 
a proportionate increase in the percentage of chromophobes until 
about 15 days after the injections were discontinued. At this time 
the normal ratio of cell types again prevailed, indicating a change 
of basophiles to chromophobes. Accompanying the decrease in the 
basophilic elements of the pituitary gland there was a rapid ovarian 
growth which approached the normal level between the 3rd and 5th 
days and continued to increase far beyond normal so that by the 
15th day after cessation of treatment an average ovarian weight of 
59.7 mg had been attained. The average ovarian weight of litter- 
mate controls at this age was 17 mg. 

Summary. Treatment with antigonadotropic serum resulted in 
extreme basophilism of the hypophysis of young female rats. When 
the treatment was discontinued the percentage of basophiles grad- 
ually returned to normal with a corresponding increase in the per- 
centage of chromophobes, and marked increase in the size of the 
ovaries over that of littermate controls. 
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found that hypersecretion of the pituitary gonadotropic hormone 
followed treatment with antigonadotropic serum. This effect was 
determined by precocious development of the ovaries after discon- 
tinuing the injections and by ovarian hypertrophy in female rats in 
parabiosis with pretreated male or female littermates. The work to 
be reported here corroborates these findings and describes the 
changes in the number of cells of each of the types in the pituitary 
gland of female rats following a short period of antigonadotropic 
serum treatment. 

Experimental procedure. Twenty-one female rats were injected 
subcutaneously from the 10th to the 20th day of life with 0.5 cc 
per day, or a total dose of 5 cc of antigonadotropic serum obtained 
from rabbits which had been injected daily with an aqueous extract 
of whole dried pituitary gland of sheep for a period of 2 months or 
longer. The serum was shown to be capable of inhibiting the 
gonadotropic effects of sheep, rat, and human pituitaries, and of 
pregnant mare serum and prolan. Three rats were killed on the 
1st, 3rd, 5th, 7th, 9th, 12th, and 15th day after discontinuing the 
treatment. Littermate control rats were autopsied at the same age. 
Pituitary and ovarian weights with the qualitative ovarian response 
were noted for both the experimental and control animals. The 
pituitary glands were serially sectioned at 6 microns after fixation 
in Bouin’s fluid and stained with a modification of Mallory’s tri- 
chrome stain (Rasmussen 4 ). Three horizontal sections from equi- 
distant levels in the gland were studied in each animal. In each 
of these sections all the cells in every tenth field were differentially 
counted. An average of 2800 cells was counted in each gland. 

Results and discussion The changes in the percentages of cell 


TABLE I. 

Ovarian Weights and Percentage of Pituitary Cell Types After Antigonadotropic 

Treatment. _______ 



Day 

killed 

Avg 

ovarian 

Avg % of pituitary cell types 

Group* 

<“g) 

r 

Basophiles 

Acidophiles 

Chromophobes 

1 

20 

5.0 

31.9 

17.3 

50.8 

s 

22 

7.5 

27.4 

17.2 

53.9 

3 

24 

20.0 

20.8 

18.0 

61.4 

4 

26 

20.0 

18.3 

18.9 

62.8 

5 

28 

20.7 

14.8 

18.3 

6 6.9 

6 

31 

30.3 

12.4 

20.3 

67.2 

71.3 

7 

34 

5 9.7 

9.3 

19.4 

*Each group was comprised of 3 rats which were 
the 20th day of life. 

injected from the 10th to 

4 Pasmussen, 

A. T., Am. 

J. Anat., 1930, 46, 461. 
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It is well known that the use of excess quantities of an anticoagu- 
lant such as sodium oxalate interferes with certain analytical pro- 
cedures such as deproteinization. Folin-Wu filtrates were made on 
the samples but no interference with successful deproteinization was 
detected at any of the concentrations used. 

These experiments indicate that sodium hexametaphosphate can 
be added to the list of blood anticoagulants, and may have certain 
advantages over existing agents. 
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Barium in the Mammalian Retina.* 


Gordon H. Scott and Bruce Canaga, Jr. 

From the Department of Anatomy, Washington. University School of iledicine , 

St. Louis. 


Ramage and Sheldon 1 discovered the existence of Ba in the 
chorioid of ox eyes. They believed that Ba increased in quantity 
with age and report that it is not present in calves’ eyes in sufficient 
quantity to be detected by their method of flame excitation of the 
spectrum. Furthermore they say that Ba is not present in the chori- 
oids of human, sheep, pigs, horses, dogs and many sea fish. Ramage 
and Sheldon failed to find this element in the retina although they 
could detect it in the iris and the pigment of the chorioid. It is of 
some significance that they found Ba in the chorioids of all neat 
cattle beyond 3 years in age. Gerlach and Muller 1 examined eyes 
from a wide variety of animals including man and discovered Ba 
in the chorioid of most of them. It was not present uniformly in 
human chorioids and there appear to be no age peculiarities in its 
distribution. These writers also describe Ba in the retinae of 
ostrichs, rabbits, cats, cattle and in one human. 

The material in the present series consisted of 19 pigs, 17 ox, 
24 sheep and 12 kitten eyes. The spectrographic method used was 
that described by us in an earlier paper (Scott and Canaga 3 ). We 
used as identifying lines the 4535.5 and 4934.1 A. These lines are 
quite sensitive and can be definitely located with little trouble. An 

* Aided by a grant from the Josiah Macy, Jr., Foundation. 

i Ramage and Sheldon, Nature, 1931, 128 , 376. 

- Gerlach and Muller, Arch. f. path. Anat. u. Physiol., 1936, 290, 5S8. 

3 Scott and Canaga, Paoc. Soc. Es?. Biou and Med., 1939, 40, 275. 
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Use of Sodium Hexametaphosphate as an Anticoagulant. 
Clarence E. Larson. 

From the Chemistry Department, College of the Pacific. 

Sodium hexametaphosphate has recently become established as 
an effective agent in reducing calcium ion concentration. Most of 
the research work on the compound has been done in the field of 
industrial chemistry where it has demonstrated its use as an out- 
standing water softener. 

In this report we are concerned with the mechanism by which 
this compound reduces calcium ion concentration. The consensus 
seems to favor the formula (NaP0 3 )o or Na„P 0 O 18 . This com- 
pound can react with calcium ion to form NajCasPoChs thus leaving 
the calcium in the form of a complex since the compound ionizes 
into 2 sodium ions and the negatively charged CaoPsOls ion. The 
dissociation of this complex ion to yield calcium ion is so slight 
that the addition of sodium hexametaphosphate depresses the cal- 
cium ion to such an extent that it will dissolve the most insoluble 
calcium salts such as the carbonate, the oxalate, and the phosphate. 
At present it is impossible to express mathematically the equilibrium 
constant for the dissociation of the complex ion but indications are 
that its effective value approaches IQ" 15 . 

Comparatively little work has been done on the biochemical and 
physiological properties of the compound. This paper represents 
the first report of results of work in progress in our laboratories 
on the application of properties of sodium hexametaphosphate to the 
fields of biology and medicine. 

The effect of this compound on the clotting of blood was tested 
by the following method. A stock solution of 20% sodium hexa- 
metaphosphate was made up. Varying quantities were added to 
calibrated tubes so that the final concentrations after blood was 
added ranged from 0.1 g per 100 cc to 2.0 g per 100 cc. Blood was 
allowed to flow directly from the sheep being used into the tubes. 
Each tube was rocked carefully to insure complete mixing. A con- 
trol tube containing no reagent was treated in the same way. The 
control tube showed clotting in 5 minutes. All tubes containing 
sodium hexametaphosphate remained unclotted. Experiments were 
also performed on human blood with the same results. Concentra- 
tions of sodium hexametaphosphate less than 0.1 g per 100 cc 
slowed the process of clotting but did not prevent it entirely as was 
the case of the higher concentrations. 
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Mean Molecular Weights of Synthetic Mixtures of Bovine 
Plasma Albumin and Globulin. 

Henry L. Taylor and Ancel Keys 

From the Laboratory of Physiological Hygiene, University of Minnesota, 
Minneapolis, Minn. 


Albumin and globulin, though generally considered to be separate 
entities, show sedimentation anomalies when they are studied in 
mixtures with the ultracentrifuge (Pederson 1 ). The data of Mc- 
Farlane 2 suggest that globulin may dissociate in such mixtures. We 
have studied purified bovine plasma albumin and globulin, alone and 
in synthetic mixtures, by osmometric methods. 

Sterile bovine plasma was carefully fractionated with ammonium 
sulfate at 0°C by a technic similar to that used by McMeekin. 3 The 
albumin and globulin fractions were reprecipitated, freed of am- 
monia by dialysis and then dialyzed to equilibrium with phosphate 
buffer of pH 7.4, y = 0.16. Osmotic pressures were measured at 
0°C by the method to be described by Keys. Protein concentra- 
tions were determined with the Pulfrich refractometer in every 
sample and checked by the micro-Kjeldahl method of Keys 4 in about 
every third sample. Mean molecular weights were determined by 
the method of Adair and Robinson 5 in which the pressure-concentra- 
tion ratio is extrapolated at zero concentration. At least 4 accept- 
able P/C values at below 3% protein concentration were obtained 
for each sample. 

The molecular weights of the albumin and globulin used here 
were 69,900 and 170,000, respectively, and these values were used 
to compute the theoretical mean mol. wts. of the mixtures from 
Dalton’s law of partial pressures. The observed mol. wts. of the 
mixtures deviated widely and systematically from the simple pre- 
dictions. As shown in Fig. 1, the mean mol. wts. of the mixtures 
are lower, and the osmotic pressures are higher than predicted. The 
deviation approaches a linear function of the mol. wt. in the range 
of A/G from 0.1 to 2.1. Similar results were obtained with other 
preparations. 

1 Pederson, K. O., Compt. Bend. Lab. Carlsberg, Copenhagen, 1938, 22, 426. 

~ McFarlane, A. S,, Biochem. J., 1935, 29, 407. 

3 McMeekin, T. L., J. Am. Chem. Soc., 1939, 01, 2884. 

■» Keys, A., J. Biol. Chem., 1940, 132, 181. 

5 Adair, G. S., and Robinson, M. E., Biochem. J., 1930, 24, 1864. 
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attempt was made to localize Ba in the tissue by separating the 
retina into 2 layers. Experiments showed that the retinae split 
easily along the internal limiting membrane giving one layer which 
consisted largely of nerve fibers and another which was made up of 
pigmented epithelium, rods and cones and their nuclei, neuroglial and 
bipolar cells. 

Barium was observed in all specimens examined and was appar- 
ently evenly distributed throughout the substance of the retina at 
least insofar as our rough localization permitted us to estimate. The 
presence of pigment in the one layer apparently had little or nothing 
to do with the amount of Ba found. Previously mentioned work 
seemed to suggest that Ba was associated with the pigment. Spectro- 
graphic studies indicate that Ba is not found in any appreciable 
quantities in other tissues, certainly not in the quantities observable 
in the retina. Our own experience with some hundreds of samples 
supports this statement. In fact only one instance is on record in 
our files and that is the consistent finding of Ba in skeletal muscle 
the nerve supply of which had been severed 6 months before the 
examinations were made. In these samples only traces of Ba 
could be found. 

Since a large number of our series consisted of retinae from neat 
cattle it is of some interest that Blumberg and Rask J found traces of 
Ba in milk. Plowever, Ramage and Sheldon state that they have been 
advised that Ba is more apt to be found in milk which has soured 
in glass containers. We do not attach much significance to this in 
relation to Blumberg and Rask’s findings as they used pyrex glass- 
ware throughout. Our experiments involved digesting the retinae 
and other tissues in nitric acid in pyrex vessels. Only the retinae 
showed Ba in their spectra. Evidently, therefore, an element, quite 
active photoelectrically, is present in tissue wherein light is trans- 
lated into nerve impulses. 

4 Blumberg and Rask, Nutrition, 1933, 6, 285. 
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Mean Molecular Weights of Synthetic Mixtures of Bovine 
Plasma Albumin and Globulin. 

Henry L. Taylor and An cel Keys 

From the Laboratory of Physiological Hygiene, University of Minnesota, 
Minneapolis, Minn . 


Albumin and globulin, though generally considered to be separate 
entities, show sedimentation anomalies when they are studied in 
mixtures with the ultracentrifuge (Pederson 1 ). The data of Mc- 
Farlane 2 suggest that globulin may dissociate in such mixtures. We 
have studied purified bovine plasma albumin and globulin, alone and 
in synthetic mixtures, by osmometric methods. 

Sterile bovine plasma was carefully fractionated with ammonium 
sulfate at 0°C by a technic similar to that used by McMeekin. 3 The 
albumin and globulin fractions were reprecipitated, freed of am- 
monia by dialysis and then dialyzed to equilibrium with phosphate 
buffer of pH 7.4, p = 0.16. Osmotic pressures were measured at 
0°C by the method to be described by Keys. Protein concentra- 
tions were determined with the Pulfrich refractometer in every 
sample and checked by the micro-Kjeldahl method of Keys 4 in about 
every third sample. Mean molecular weights were determined by 
the method of Adair and Robinson 5 in which the pressure-concentra- 
tion ratio is extrapolated at zero concentration. At least 4 accept- 
able P/C values at below 3% protein concentration were obtained 
for each sample. 

The molecular weights of the albumin and globulin used here 
were 69,900 and 170,000, respectively, and these values were used 
to compute the theoretical mean mol. wts. of the mixtures from 
Dalton’s law of partial pressures. The observed mol. wts. of the 
mixtures deviated widely and systematically from the simple pre- 
dictions. As shown in Fig. 1, the mean mol. wts. of the mixtures 
are lower, and the osmotic pressures are higher than predicted. The 
deviation approaches a linear function of the mol. wt. in the range 
of A/G from 0.1 to 2.1. Similar results were obtained with other 
preparations. 

l Pederson, K. 0., Compt. Send. Lab . Carlsberg, Copenhagen, 1938, 22, 420. 

• McFarlane, A. S., Biochem. J., 1935, 29, 407. 

3 McMeekin, T. L., J. Am. Chem. Soc., 1939, 01, 2884. 

4 Keys, A., J. Biol. Chem., 1940, 132, 1S1. 

5 Adair, G. S., and Hobinson, M. E., Biochem. J., 1930, 24, 1S64. 
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PREDICTED MEAN MOL. WT., in THOUSANDS 

I'm. i. 


Sedimentation diagrams of such mixtures clearly show 2 frac- 
tions corresponding in molecular size with albumin and globulin 
but McFarlane’s (op. cit.) data on horse plasma proteins indicate 
that the proportion of the smaller molecules is higher than the com- 
position of his mixtures would warrant. This strongly reinforces 
our conclusion that globulin dissociates in the presence of albumin. 
Assuming that the dissociation product is a particle like albumin in 
size, our results would indicate that about 35% of the globulin 
undergoes dissociation ; in other words, in an albumin-globulin mix- 
ture, for every globulin 170,000 molecule, there would be a globulin 
70,000 molecule. Alternatively, globulin 170,000 may split into 
equal halves (mol. wt. 85,000, cf. McFarlane, op. cit.). 

These results explain the divergent values reported for the mol. 
wt. of globulin — 145,000 to 192,000. The presence of minute 
amounts of albumin depresses the mean mol. wt. to a remarkable 
degree. It is not easy to separate globulin cleanly from albumin; 
on the other hand, we have had no difficulty in preparing pure 
albumin. It appears that the formation of dissociated globulin is 
reversible, that the dissociated globulin salts out with the other 
globulin and it becomes associated when it enters an albumin-free 
phase. These phenomena are most striking at very low A/G ratios 
and are seen in purest form at infinite dilution, but they are de- 
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monstrable at an A/G ratio of 2.1 and protein concentrations of 
over 3%. In human plasma (A/G = 2, tot. prot. — 7 fo) the 
effect is sufficiently obscured so that the simple relation of Keys 6 
holds approximately. 


11527 P 

Skin Sensitization to a Simple Compound by Injections of 

Conjugates. 

. Karl Laxdsteixer axd Merrill W. Chase. 

From the Laboratories of the Rockefeller Institute for Medical Research. 

In view of a recent paper 1 touching upon the subject, we wish to 
make a preliminary communication of a study under way for some 
time on the possibility of producing in animals skin sensitivity to 
drugs by immunizing with conjugates. We have in fact been able 
to render guinea pigs sensitive to superficial application of picryl 
chloride 2, 2 by intraperitoneal injections of a conjugate resulting 
from the treatment of guinea pig erythrocyte stromata with picryl 
chloride in alkaline solution, killed tubercle bacilli as in previous 
work 1 having been injected beforehand. 

Since even minute quantities of the simple substance can sensi- 
tize under certain conditions and must be avoided, the chief concern 
in these experiments was to guard against the inclusion of unchanged 
picryl chloride in the injection material. This was carried out by 
adding an excess of glycine which removed any possible remainder of 
the substance through chemical combination, and by washing with 
aqueous alcohol. 

The large majority of animals treated in this way have shown 
upon subsequent testing with the simple substance typical reactions 
of the contact dermatitis type. 

« Keys, A., J. Phtjs. Client., 1938, 42, 11. 

l Haxthausen, H., Acta Derm.-P ener., 1940, 21, 153. 

- Landsteiner, K., and Jacobs, J., J. Exp. Med., 1935, Cl, 643. 

3 Landsteiner, K., and Cliase, M. W., J. Exp. Med., 1937, GO, 337. 

r Landsteiner, K., and Chase, it. W., J. Exp. Med., 1940, 71, 237. 
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PREDICTED MEAN MOL. WT., in THOUSANDS 

ITo. 1. 

Sedimentation diagrams of such mixtures clearly show 2 frac- 
tions corresponding in molecular size with albumin and globulin 
but McFar lane’s (op. cit.) data on horse plasma proteins indicate 
that the proportion of the smaller molecules is higher than the com- 
position of his mixtures would warrant. This strongly reinforces 
our conclusion that globulin dissociates in the presence of albumin. 
Assuming that the dissociation product is a particle like albumin in 
size, our results would indicate that about 35 % of the globulin 
undergoes dissociation ; in other words, in an albumin-globulin mix- 
ture, for every globulin 170,000 molecule, there would be a globulin 
70,000 molecule. Alternatively, globulin 170,000 may split into 
equal halves (mol. wt. 85,000, cf. McFarlane, op. cit.). 

These results explain the divergent values reported for the mol 
wt. of globulin — 145,000 to 192,000. The presence of minute 
amounts of albumin depresses the mean mol. wt. to a remarkable 
degree. It is not easy to separate globulin cleanly from albumin; 
on the other hand, we have had no difficulty in preparing pure 
albumin. It appears that the formation of dissociated globulin is 
reversible, that the dissociated globulin salts out with the other 
globulin and it becomes associated when it enters an albumin-free 
phase. These phenomena are most striking at very low A/G ratios 
and are seen in purest form at infinite dilution, but they are de- 
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monstrable at an A/G ratio of 2.1 and protein concentrations of 
over 3%. In human plasma (A/G = 2, tot. prot. = 7%) the 
effect is sufficiently obscured so that the simple relation of Keys 6 
holds approximately. 
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Skin Sensitization to a Simple Compound by Injections of 

Conjugates. 

. Karl Laxdsteixer and Merrill \V. Chase. 

From the Laboratories of the Bociefeller Institute for Medical Research. 


In view of a recent paper 1 touching upon the subject, we wish to 
make a preliminary communication of a study under way for some 
time on the possibility of producing in animals skin sensitivity to 
drugs by immunizing with conjugates. We have in fact been able 
to render guinea pigs sensitive to superficial application of picryl 
chloride 3, 3 by intraperitoneal injections of a conjugate resulting 
from the treatment of guinea pig erythrocyte stromata with picryl 
chloride in alkaline solution, killed tubercle bacilli as in previous 
work* having been injected beforehand. 

Since even minute quantities of the simple substance can sensi- 
tize under certain conditions and must be avoided, the chief concern 
in these experiments was to guard against the inclusion of unchanged 
picryl chloride in the injection material. This was carried out by 
adding an excess of glycine which removed any possible remainder of 
the substance through chemical combination, and by washing with 
aqueous alcohol. 

The large majority of animals treated in this way have shown 
upon subsequent testing with the simple substance typical reactions 
of the contact dermatitis type. 

« Keys, A., J. Phys. Chem., 1938, 42, 11. 

i Haxthausen, H., Acta Derm.-Vener., 1940, 21. 15S. 

- Landsteiner, K., and Jacobs, J., J. Exp. Med., 1935, 01, 643. 

3 Landsteiner, K., and Chase, M. W., J. Exp. Med., 1937, 00, 337. 

i Landsteiner, K„ and Chase, M. W., J. Exp. Med., 1940, 71, 237. 
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Osmotic Activity Changes of Serum and Salt Solutions Placed 
in the Gall Bladder. 

John W. Schulze and M. B. Visscher. 

From the Department of Physiology, University of Minnesota. 


Dreser, 1 the first to use cryoscopy on animal fluids, made the first 
determination of the osmotic pressure of bile. Numerous early 
investigators, among them Brand,- Strauss, 3 Bernstein, 1 Bosquet, 3 
Koziezkowsky, 8 Messadaglia and Colletti 7 determined cryoscopically 
the osmotic pressure of animal and human bile obtained by various 
methods from living and dead specimens. They came to the conclu- 
sion that the osmotic pressure of bile, both bladder and hepatic, was 
approximately the same as the osmotic pressure of the blood of the 
same animal species; i.c. the depression of freezing point of the bile 
and blood both lay in the same range (about -.54 °C to ~.58°C for 
most species). Of the many objections to the earlier work, the 
varied methods of collection and the inaccuracy of the cryoscopic 
technic are perhaps the most significant. A difference in freezing 
point of .01°C corresponds to a difference in osmotic pressure of 
nearly 100 nim of Pig. Ravdin, ct al., s state that despite the wide 
variance of constituents, the osmotic pressures of hepatic and bladder 
bile, as determined by the depression of freezing point, are approxi- 
mately the same; and that the total depression of freezing point may 
be accounted for on the basis of the osmolar concentration of base, 
chloride, and bicarbonate present. Yet the difference in osmotic 
pressure of their hepatic and bladder bile amounts to 357.2 mm of 
Hg. They also conclude that the osmotic pressure of hepatic and 
bladder bile is approximately the same as that of serum. On the 
basis of experiments in which they placed various bile constituents 
individually into a bile-free dog’s gall bladder, Ravdin ct al . 9 came 
to the conclusion that regardless of the concentration of the original 
solution, the total osmolar concentration of the fluid in the gall 

l Drcser, Arch. f. exp. Path. u. Pharm., 1892, 29, 303. 

- Brand, Arch. f. d. gesammte Physiol., 1902, 90, 491. 

3 Strauss, Berl. Klin. Wehnsch., 1903, 40, 261. 

4 Bernstein, Arch. f. d. gesammte Physiol., 1905, 109, 207. 

s Bosquet, cited by Strauss. 

e Koziezkowsky, cited by Strauss. 

7 Messadaglia and Colletti, cited by Stiauss. 

SEavdin, Jolmston, Biegel and Wright, Am. J. Phys., 1932, 100, 317. 

9 Eavdin, Johnston, Austin and Biegel, Am. J. Phys., 1932, 99, 038. 
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bladder after a period of time approaches that of serum. Reinhold 
and Wilson 10 state that: “Although the sum of the molar concentra- 
tions of anions and cations in bile exceeds that in serum, the osmotic 
pressure of the two fluids, as shown by the work of others, is 
practically the same. Actually the molar concentrations of inor- 
ganic ions are approximately the same in both. It would appear, 
therefore, that the principal organic ion of dog bile, taurocholic 
acid, either exhibits little osmotic activity or diminishes the osmotic 
activity of other ions.” Gilman and Cowgill 11 using Hill’s method 
found approximate isotonicity of blood and hepatic bile, and that 
artificially produced changes in the osmotic pressure of the blood 
produced parallel changes in the osmotic pressure of hepatic bile. 
Their osmotic pressure values are given in terms of milliequivalents 
of an osmotically equal NaCl solution. They state they are “confi- 
dent the values for osmotic pressure — are accurate to within 1 
milliequivalent yet their average values for the osmotic pressure 
of blood and hepatic bile under all conditions are 155 and 151 milli- 
equivalents, respectively. Therefore the difference in the average 
osmotic pressure of blood and bile falls 3 milliequivalents outside the 
range of experimental error. Furthermore, the values for hepatic 
bile were 2-9 milliequivalents lower than for blood in 13 of 15 

Osmotic Activity and Chloride Concentration Changes in the Gall Bladder 


AUTOGENOUS SERUM ISOTONIC SALT MIXTURE 



lORemfcoId and Wilson, Jm. J . Phys ., 1034, 107, 37S. 
u Gilman and Cowgill, .| w . J . Phys ., 1933, 104, 470. 




560 


11528 

Osmotic Activity Changes of Serum and Salt Solutions Placed 
in the Gall Bladder. 

John \V. Schulze and M. B. Visscher. 

From the Department of Physiology, University of Minnesota. 

Dreser, 1 the first to use cryoscopy on animal fluids, made the first 
determination of the osmotic pressure of bile. Numerous early 
investigators, among them Brand, 2 Strauss, 3 Bernstein, 4 Bosquet, 5 
Koziezkowsky, 0 Messadaglia and Colletti 7 determined cryoscopically 
the osmotic pressure of animal and human bile obtained by vatious 
methods from living and dead specimens. They came to the conclu- 
sion that the osmotic pressure of bile, both bladder and hepatic, was 
approximately the same as the osmotic pressure of the blood of the 
same animal species; i.e. the depression of freezing point of the bile 
and blood both lay in the same range (about -,54°C to -,58°C for 
most species). Of the many objections to the earlier work, the 
varied methods of collection and the inaccuracy of the cryoscopic 
technic are perhaps the most significant. A difference in freezing 
point of .01 °C corresponds to a difference in osmotic pressure of 
nearly 100 mm of Hg. Ravdin, et al., s state that despite the wide 
variance of constituents, the osmotic pressures of hepatic and bladder 
bile, as determined by the depression of freezing point, are approxi- 
mately the same ; and that the total depression of freezing point may 
be accounted for on the basis of the osmolar concentration of base, 
chloride, and bicarbonate present. Yet the difference in osmotic 
pressure of their hepatic and bladder bile amounts to 357.2 mm of 
Hg. They also conclude that the osmotic pressure of hepatic and 
bladder bile is approximately the same as that of serum. On the 
basis of experiments in which they placed various bile constituents 
individually into a bile-free dog’s gall bladder, Ravdin et al. 9 came 
to the conclusion that regardless of the concentration of the original 
solution, the total osmolar concentration of the fluid in the gall 

l Dreser, Arch. f. exp. Path. u. Pharm., 1892, 29, 303. 

- Brand, Arch. f. d. gesammte Physiol., 1902, 90, 491. 

3 Strauss, Berl. Klin. TVehnsch., 1903, 40, 261. 

•« Bernstein, Arch. f. cl. gesammte Physiol., 1905, 109, 207. 

.'-Bosquet, cited by Strauss. 

o Koziezkousky, cited by Strauss. 

7 Messadaglia and Co'letti, cited by Strauss. 

8 Ravdin, Johnston, Riegel and Wright, Am. ,T. Phys., 1932, 100, 317. 

9 Ravdin, Johnston, Austin and Riegel, Am. J. Phys., 1932, 99, 638. 
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15%), and the osmotic activity does not change. The osmotic ac- 
tivity and chloride concentration of blood again remain nearly con- 
stant. 

Fig. also shows the results of an experiment in which 1 cc of an 
isotonic mixture of osmotically equal parts of NaCl ~r Xa 2 SO., was 
placed in a cat’s gall bladder. The volume decreased (50% to 75%). 
The chloride (25% to 50%). The osmotic activity usually rose 
somewhat (3 to 5 mM), and was higher in air than in 5% CO;. 
The osmotic activity and chloride concentration of the blood re- 
mained relatively constant. If the salt solutions are markedly 
hyper- or hypotonic to the blood (8 to 10 mM), the osmotic activity 
of the gall bladder fluid decreases or increases, respectively, to 
approach that of blood. In these cases there is also a decrease in 
volume and chloride. If the salt solution is poisoned with .001 M 
HgCL; the volume increases (50%), the chloride increases (30%), 
and the osmotic activity increases more rapidly and markedly (S 
mM). The osmotic activity of the plasma remains unchanged. 

The osmotic activity of the removed gall bladder bile was usually 
1 to 3 mM lower than that of blood removed 15 to 30 minutes later. 
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Cultivation of the St. Louis Encephalitis Virus.* 
Eleaxora Molloy. (Introduced by C. \Y. Jungeblut.) 

From the Department of Bacteriology. College of Physicians and Surgeon, 
Columbia Vnnersity, Xcxc Tori:. 

The virus of St. Louis encephalitis is known to grow readily on 
the chorioallantoic membrane of the developing hen’s egg and in 
tissue cultures of the Li and Rivers type. 1-1 In both media, however, 
virus titrations have been uniformly low. usually attaining levels of 
KL 2 . with an occasional maximum of 10~ 3 . 

Successful propagation of the lymphogranuloma venereum virus 

* This research was supported by a grant from the W. .1. Matheson Fund for 
the study of encephalitis. 

l Syverton, J. T., and Berry, G. P., Science, 1935, S2, 59d. 

- Harrison, B. W., and Moore, E., Peoc. So c . Exp. Biol, axd Med., 193d, 
3o, 339. 

1 Schultz, E. \\ ., Williams, G. F., and Hetlierington, A., Pnoc. Soc. Exp. Biol, 
and Med., 193S, 38, 799. 

4 Smith, M. G., and Lennetto, E. II., Pp.oe. Soc. Exp Biol, and Med.. 1939, 
41 . 333. 
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cases. In the other 2 cases the value for bile was 1 milliequivalent 
higher than for blood. In order to investigate the role of the gall 
bladder in osmotic processes, it was decided to study the changes in 
osmotic activity of serum and nearly isotonic NaCl + NaS0 4 solu- 
tions placed in the gall bladder by the vapor tension method. 

Methods. Cats anesthetized with nembutal were used as experi- 
mental animals. The gall bladder was entered via a whistle-tip 
fiber ureteral catheter so inserted and tied into the cystic duct as not 
to injure the cystic vessels. Injections into and withdrawals from 
the gall bladder were then accomplished by a syringe whose needle 
fit closely into the open end of the catheter. When not in use, the 
open end of the catheter was closed b}’ a piece of wire of similar 
diameter to the bore of the catheter. After the bladder bile was re- 
moved, the gall bladder was washed out several times with normal 
saline at body temperature then with the fluid to be injected at body 
temperature. Finally such an amount of fluid was injected as to 
moderately distend the gall bladder (usually 1.5 to 0.7 cc). The 
fluids injected were: (1) the cat’s own serum obtained just before 
injection from femoral vein blood, and (2) NaCl + Na 2 S0 4 (in 
about equiosmotic proportions) solution approximately isotonic with 
the cat’s plasma. Small samples of gall bladder fluid were with- 
drawn about every )4 hour for 1)4 to 2 hours. Blood plasma 
samples were taken as described by Roepke and Visscher 12 at the 
beginning and end of the experiment. All samples were protected 
from evaporation and CO.- loss. Osmotic activity (see Roepke and 
Visscher 12 ) determinations were made with Hill’s thermoelectric 
method as modified by Baldes. 13,14 Vapor tension measurements 
were made with air and CO- mixtures in the thermocouple chamber 
in order to control the influence of the CO- tension. Chloride was 
determined according to the method of V an Slyke. 15 

Results. Fig. 1 shows the typical results obtained on placing 
1 cc of autogenous serum in a cat’s gall bladder. Within 90 minutes 
the volume decreases (50% to nearly 100%); the chloride falls 
(30% to 40%) ; and the osmotic activity decreases (7 to 23 mil), 
The osmotic activity is higher in 5 % CO- than in air. The osmotic 
activity and chloride concentration of the blood remain relatively 
constant. If the serum is poisoned with .004 M HgCl = ; the volume 
remains practically constant, the chloride decreases (but only about 

12 Boepke and Visscher, Proc. Soc. Exp. Biol, and Med., 1039, 41, 500. 
isBaldes, J. Sc. Instruments, 1934, 11, 223. 
n Baldes and Johnson, Biodynamics, 1939, No. 47, 1. 

15 Van Slyke, J. Biol. Client., 1923, 58, 523. 
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advantages ottered by the chorioallantoic membrane of the develop- 
ing egg. The chorioallantoic membrane of a 10-day-old egg was 
removed, washed in saline, and placed in 10 cc of serum ultrafiltrate 
in a 50 cc Erlenmeyer flask. The cultures were incubated at room 
temperature and the supernatant fluid only was used for passage and 
titration. The virus titered up to 10" 1 after sLx passages and up to 
lO -3 after nine and ten generations. With this type of culture, only 
very fresh preparations were used. as. on storage, acid accumulates 
which must be neutralized by alkali in order to maintain a constant 
pH over a long period of time. The standardization of this type of 
culture is under consideration at present. 

Conclusions. The virus of St. Louis encephalitis may be grown 
in a medium containing embryonic mouse or guinea pig brain in ox 
serum ultrafiltrate. Cultures of organs from adult mice fail to 
support growth of the virus. Incubation at room temperature pro- 
duces higher titers ( ICC 3 ) than incubation at 37 : C (10" 3 L At both 
temperatures the attained titer remains almost unchanged for 10 
days but shows a decrease after 15 days’ incubation. The virus is 
present in the same concentration in the supernatant fluid as in the 
emulsified whole culture. Infected chorioallantoic membranes main- 
tained in serum ultrafiltrate at room temperature support growth of 
this virus up to titers varying from ICC* to ICC 3 . 
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Search for Microorganisms of the Pleuropneumonia Group in 
Rheumatic and Non-Rheumatic Children. 

Albert B. Sabix axd Barbara Johxsox 

ironv (he Children's Hospital Research Foundation and the Department of 
Pediatrics, University of Cmcuumfi College of 3£edicinc % 


It has recently been demonstrated 1 that mice of various stocks are 
carriers of a new group of filtrable microorganisms which bio- 
logically can be classed with the causative agent of pleuropneumonia 
bovinu but otherwise is quite distinct as regards pathogenicity, 
affinities for special cell types in z-iz-o. and immunological identity. 
In mice, these microorganisms are usually found in association with 
the epithelium of the conjunctiva and nasal mucosa without giving 
rise to any signs of disease. However, when cultures of certain 
1 Sab’m, A. B., Sciuirc. 1939, DO, IS. 
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was obtained by Sanders - ' with the use of a new type of medium 
consisting of tissue elements in ox serum ultrafiltrate. 0 Higher 
yields of virus were obtained at room temperature than at 37°C. 
The stability of these cultures and their marked potency, together 
with the fact that serum ultrafiltrate is protein-free made it appear 
desirable to apply this method to the propagation of St. Louis en- 
cephalitis virus. 

Tissue cultures were prepared in rubber stoppered 50 cc Erlen- 
meyer flasks by adding minced embryonic mouse brain to 10 cc of 
serum ultrafiltrate diluted 1 in 3 with Simms’ salt solution. 5 These 
flasks were inoculated with 0.1 cc of a 1 :10 mouse brain virus sus- 
pensionf and parallel series maintained, one at room temperature 
and one at 37 °C. Passages were made by transferring 0.1 cc of 
the clear supernatant fluid every 5 days. After intervals of 5, 10 
and 15 days’ incubation, potency tests were carried out by intra- 
cerebral inoculation of groups of 4 mice (S-12 g) with 0.03 cc of 
serial tenfold dilutions of the supernatant fluid. The endpoint in 
these titrations was taken as the last dilution causing characteristic 
symptoms and death in 50% of the inoculated mice. The identity 
of .the virus was assured by two neutralization tests with a known 
antiserum, carried out with the 5th and 28th culture passages. 

During 28 culture generations, the virus titers have been con- 
sistently higher after incubation at room temperature (lO -5 ) than 
at 37°C (lCk 3 ). These titers, once attained, were maintained at a 
constant level during the first 10 days, but showed a drop in potency 
to 10* 1 , 10" 2 after 15 days. No difference was observed between the 
virus content of the whole culture (emulsified tissue plus supernatant 
fluid) and that of the clear supernatant fluid alone. 

When embryonic guinea pig brain was used in place of mouse 
brain the virus grew readily at room temperature (10~ 2 , 10" 3 ), but 
showed a tendency to die out after 4 to 7 passages in cultures of 
other organs (liver, lung, spleen, kidney, heart, intestine). After 
12 passages through embryonic guinea pig brain cultures the virus 
still failed to infect guinea pigs. 

Cultures of adult mouse organs (brain, liver, kidney, spleen, heart, 
adrenal) have uniformly failed to support the growth of this virus 
in repeated tests, irrespective of variations in technic, such as temper- 
ature, amount of tissue, amount of fluid, method of transfer. 

An attempt was made to combine the tissue culture technic with 

5 Sanders, II., J. Exp. 1940, 1 1, 113. 

« Simms, H. S., and Stillman, N. C., J. Gen. Physiol, 193T, 20, 603. 

f The strain used was isolated in 1933 by Dr. M. Holden of this Department. 
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advantages offered by the chorioallantoic membrane of the develop- 
ing egg. The chorioallantoic membrane of a 10-dav-old egg was 
removed, washed in saline, and placed in 10 cc of serum ultrafiltrate 
in a 50 cc Erlenmeyer flask. The cultures were incubated at room 
temperature and the supernatant fluid only was used for passage and 
titration. The virus titered up to 10“* after six passages and up to 
10" 3 after nine and ten generations. With this type of culture, only 
very fresh preparations were used, as, on storage, acid accumulates 
which must be neutralized by alkali in order to maintain a constant 
pH over a long period of time. The standardization of this type of 
culture is under consideration at present. 

Conclusions. The virus of St. Louis encephalitis may be grown 
in a medium containing embryonic mouse or guinea pig brain in ox 
serum ultrafiltrate. Cultures of organs from adult mice fail to 
support growth of the virus. Incubation at room temperature pro- 
duces higher titers f 10") than incubation at 37 3 C (10 -3 ). At both 
temperatures the attained titer remains almost unchanged for 10 
days but shows a decrease after 15 days’ incubation. The virus is 
present in the same concentration in the supernatant fluid as in the 
emulsified whole culture. Infected chorioallantoic membranes main- 
tained in serum ultrafiltrate at room temperature support growth of 
this virus up to titers varying from ICC* to lOW 
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Search for Microorganisms of the Pleuropneumonia Group in 
Rheumatic and Non-Rheumatic Children. 

Albert B. Sabin and Barbara Johnson 

From the Children's Hospital Research Foundation and the Department of 
Pediatrics, University of Cincinnati College of Medicine. 


It has recently been demonstrated 1 that mice of various stocks are 
carriers of a new group of filtrable microorganisms which bio- 
logically can be classed with the causative agent of pleuropneumonia 
I’ovum but otherwise is quite distinct as regards pathogenicity, 
affinities for special cell types in viz-o, and immunological identity. 
In mice, these microorganisms are usually found in association with 
the epithelium of the conjunctiva and nasal mucosa without giving 
rise to any signs of disease. However, when cultures of certain 


l Sabin, A. B„ Sen tier . 1930, OO, IS. 
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types of these microorganisms are injected intravenously or by 
certain other routes, experimental diseases are produced in mice 
which resemble in many respects some of the manifestations of 
rheumatic fever and rheumatoid arthritis in man. 2 Many attempts 
have been made, therefore, to isolate similar microorganisms from 
these human diseases. Failure to obtain such microorganisms from 
the exudates and tissues of a small number of patients with rheuma- 
toid arthritis or rheumatic fever has already been reported 1-3 and 
the purpose of the present investigation was (a) to determine 
whether or not human beings may be carriers of similar or related 
microorganisms, and (b) to study additional material from patients 
with rheumatic fever or rheumatoid arthritis. 

Cultures were obtained from the nose and throat and in most 
instances also from the conjunctiva of 100 human beings, 95 of 
whom were under 15 years of age. Material obtained with sterile 
cotton swabs was streaked on agar plates containing 30% ascitic 
fluid. After 4 days’ and again after 7 days' incubation at 37°C, 
all plates were examined with the microscope at a magnification of 
100 times and a thorough search was made for colonies which might 
resemble even remotely those of the pleuropneumonia group. No 
such colonies, however, were found in any of the cultures. Among 
the patients that were examined in this manner there were 28 in 
the active phase of rheumatic fever, 2 in the active stage of Still's 
disease, 14 with various types of infection of the upper respiratory 
tract (mostly pharyngitis or tonsillitis associated with otitis media), 

3 with pneumonia, and most of the remainder with miscellaneous 
medical or surgical conditions. 

The blood of 9 children with rheumatic fever (acute febrile 
phase) and of two children during the febrile stage of Still’s disease 
was cultured by adding 5 cc to 25 cc of broth containing 30% 
ascitic fluid and 0.5% glucose. No growth was obtained despite 
prolonged incubation and “blind passage.” Exudates from the 
knee-joints of 3 children during their first attack of rheumatic poly- 
arthritis vvere similarly cultured on fluid and solid media, but without 
obtaining any growth. Pericardial fluid, the pericardium and myo- 
cardium, and vegetations from the mitral valve obtained at necropsy 
from two children who died with active rheumatic carditis also 

yielded no growth. .... 

Because experience with the pleuropneumonia group in mice indi- 
cated that they may often be intimately associated with the affected 

^STb, Science, 1938, S3, 575; ibid., 1939, 89, 22S. 

3 Findlay, G. H., Mackenzie, R. D., and MacCaltum, F. O., Brit. J. Exp. Path., 

1910, 21, 13- 
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cells, and since the carrier state in mice was established by streaking 
the conjunctiva and nasal mucosa rather than exudates from those 
sites, it was decided to investigate a series of tonsils removed from 
children for various reasons. A piece of tissue was removed from 
each tonsil, minced to expose a larger surface, and streaked on a 
30% ascitic fluid agar plate. The tonsils of 58 children (116 speci- 
mens) were thus examined, and in 3 cases there were colonies, 20 to 
40 p* in size, bearing a striking resemblance to those of certain 
members of the pleuropneumonia group. The appearance of these 
colonies (to be referred to as “X” colonies) is illustrated in Figs. 

1 and 2. They always occurred along the streak either independently 
of the adjacent bacterial colonies (Figs. 1, 2) or at the border of 
and in intimate association with a bacterial colony. The plates 
were examined routinely 4 and 7 days after incubation; in 2 cases 
the “X” colonies were seen on the 4th day and in the third not until 
the 7th day, although in a repeat culture from the same tonsil many 
colonies appeared on the 4th day. Impression films of zones contain- 
ing these colonies were unsatisfactory because the bacteria from 
the adjacent colonies obscured the field. Many attempts to passage 
the “X” colonies in series were without success. When an isolated 
“X” colony was streaked on 30% ascitic fluid agar or put into broth 
containing 30% ascitic fluid and 0.5% glucose no growth of any 
kind occurred. When “X” colonies and adjacent bacterial colonies 
were passaged together only the bacterial colonies grew out. In 

2 of the 3 cases it was possible to obtain “X” colonies several times 
by repeating cultures from the same tonsils which were kept in the 
refrigerator, but passage was invariably unsuccessful. There was 
thus no evidence that the “X” colonies were either a variant or a 
symbiont of any of the tonsillar bacteria, and their nature remains 
obscure. It is perhaps significant that they were not observed once 
among the “swab” cultures from the eyes, nose, and throat of the 
100 cases studied by the same method. Swabs from the nose and 
tonsillar regions of the child, whose tonsils yielded the largest 
number of “X” colonies, were cultured 7 weeks after tonsillectomy 
but no “X” colonies were found. The possibility must be in- 
vestigated that the “X” colonies may represent pleuropneumonia-like 
microorganisms which are intimately associated with certain cells and 
have such specific growth requirements that only one generation 
is possible on the 30% ascitic fluid agar, but it should be stressed 
that there is still no evidence that there is a human group of pleuro- 
pneumonia organisms such as has been shown to exist in cattle, 
sheep and goats, dogs, rats, and mice. 
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types of these microorganisms are injected intravenously or by 
certain other routes, experimental diseases are produced in mice 
which resemble in many respects some of the manifestations of 
rheumatic fever and rheumatoid arthritis in man. 2 Many attempts 
have been made, therefore, to isolate similar microorganisms from 
these human diseases. Failure to obtain such microorganisms from 
the exudates and tissues of a small number of patients with rheuma- 
toid arthritis or rheumatic fever has already been reported 1 " 3 and 
the purpose of the present investigation was (a) to determine 
whether or not human beings may be carriers of similar or related 
microorganisms, and ( b) to study additional material from patients 
with rheumatic fever or rheumatoid arthritis. 

Cultures were obtained from the nose and throat and in most 
instances also from the conjunctiva of 100 human beings, 95 of 
whom were under 15 years of age. Material obtained with sterile 
cotton swabs was streaked on agar plates containing 30% ascitic 
fluid. After 4 days’ and again after 7 days’ incubation at 37°C, 
all plates were examined with the microscope at a magnification of 
100 times and a thorough search was made for colonies which might 
resemble even remotely those of the pleuropneumonia group. No 
such colonies, however, were found in any of the cultures. Among 
the patients that were examined in this manner there were 28 in 
the active phase of rheumatic fever, 2 in the active stage of Still’s 
disease, 14 with various types of infection of the upper respiratory 
tract (mostly pharyngitis or tonsillitis associated with otitis media), 

3 with pneumonia, and most of the remainder with miscellaneous 
medical or surgical conditions. 

The blood of 9 children with rheumatic fever (acute febrile 
phase) and of two children during the febrile stage of Still’s disease 
was cultured by adding 5 cc to 25 cc of broth containing 30% 
ascitic fluid and 0.5% glucose. No growth was obtained despite 
prolonged incubation and “blind passage.” Exudates from the 
knee-joints of 3 children during their first attack of rheumatic poly- 
arthritis were similarly cultured on fluid and solid media, but without 
obtaining any growth. Pericardial fluid, the pericardium and myo- 
cardium, and vegetations from the mitral valve obtained at necropsy 
from two children who died with active rheumatic carditis also 

yielded no growth. _ _ _ 

Because experience with the pleuropneumonia group in mice indi- 
cated that they may often be intimately associated with the affected 

' 2 Sabin A. B., Science, 1938, 88, 575; ibid., 1939, 8!), 228. 

3 Findlay, G. H., Mackenzie, E. D., and MacCallum, F. O., Brit. J. Exp. Path., 

1910 , 21 , 13 . 
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Summary. Cultures on 30% ascitic fluid agar of material ob- 
tained by swabbing the eyes, nose, and throat of rheumatic and 
non-rheumatic children and a few adults failed to reveal any pleuro- 
pneumonia-like colonies. No success was encountered in additional 
attempts to isolate microorganisms of the pleuro-pneumonia group 
from the blood of children in the febrile phase of acute rheumatic 
fever or Still’s disease, from the joint fluid during the first attack 
of rheumatic polyarthritis, and from rheumatic pericardial, myo- 
cardial, and valvular tissues obtained at necropsy. Cultures of 
58 pairs of excised tonsils, however, yielded in 3 cases peculiar 
microscopic colonies (“X” colonies) which were 20 to 40 p- in 
size and strikingly similar to those of certain members of the pleuro- 
pneumonia group. The “X” colonies could not be passaged beyond 
the first generation, and their nature remains unknown. 
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Pathogenic Pleuropneumonia-Like Microorganisms in Tissues of 
Normal Mice and Isolation of New Immunological Types. 

Albert B. Sabin and Barbara Johnson. 

From the Children’s Hospital Sesearch Foundation and the Department of 
Pediatrics, University of Cmcumati College of Medicine. 


That normal mice can be carriers of a distinct group of patho- 
genic pleuropneumonia-like microorganisms has already been 
demonstrated in an investigation of 3 different stocks of animals in 
New York. 1 Previous studies have established that their natural 
habitat was the conjunctiva and nasal mucosa, 1 although at least one 
strain was found in the brain of a normal mouse. 2 They have also 
been isolated from the lungs of mice which had received nasal instilla- 
tion of various materials under ether anaesthesia 1, 3 and in the 
brains of mice which had been used for passage of various other 
infectious agents. 2 ’ 4 Three distinct immunological types — A, B, 
and C — which vary in their pathogenicity and tissue affinities as 
well as in their antigenic make up, have now been described. 

1 Sabin, A. B„ Science, 1939, 00, IS. 

2 Sabin, A. B., Science, 193S, 88, 575; ibid., 1939, 89, 228. 

3 SuUhan, E. R., and Dienes, L., Proc. Soe. Exp. Biol, and Med., 1939, 41, 620. 

4 Findlay, G. M., Klieneberger, E., MacCallum, F. 0., and Mackenzie, E. D., 
Lancet, 193S (Dec. 31st), 1511. 
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few colonies were present in the cultures from the brain (there were 
no ordinary bacteria) and all 3 strains proved to be neurotropic 
exotoxin producing Type A's. Because the culture obtained from 
the nose of mouse 5 behaved peculiarly in tests for pathogenicity and 
agglutination, it was plated out and 3 different kinds of pleuro- 
pneumonia-like colonies were observed. Isolation and passage of 
single colonies revealed that the original culture was a mixture of 
3 immunologically distinct types — A, D, and E. The new types 
D and E produce a progressive chronic arthritis but no neurotropic 
exotoxin and are immunologically different not only from one 
another but also from types A, B, and C of the mouse group and 
L 3 and L 4 of the rat group of pleuropneumonia-like microorganisms. 
Mice 11 and 12 (Table I) were sacrificed several days after the 
intravenous injection of bacteria, and the 3 strains of pleuropneu- 
monia-like microorganisms which were isolated from the nose, 
lungs, and brain ail belonged to the new type D. 

Cultures from the conjunctiva and nasal mucosa of 10 old mice 
(6 months or older) yielded 6 strains from 4 mice, suggesting that 
the carrier state is probably not a transitory phenomenon. Two of 
these strains were typed and the one from the eye was a type A and 
that from the nose a type B. While type A as well as other types 
have been encountered in various tissues, the strains which have 
thus far been isolated from the eyes have all been type A. That the 
carrier state probably develops after birth by contact infection is 
suggested by a preliminary study of 5 mothers and their offspring. 
While 4 of the 5 mothers were carriers (nose, eyes, or both), no such 
microorganisms were found in 13 of their offspring at 3 days of age 
and were present in the nose of only 1 out of 20 at 5 days of age. 

Summary. Pathogenic microorganisms of the mouse pleuro- 
pneumonia group in addition to being present in the conjunctiva and 
nasal mucosa may often be found in the brain and occasionally also 
in the trachea and lung of normal carrier mice. They were not 
found in the heart blood, liver, spleen, kidneys or in the intestinal 
contents. The carrier state is probably the result of contact infec- 
tion and has been demonstrated as early as the 5th day of life and 
later than 6 months. Two new, immunologically distinct types 
(D and E) have been isolated; they produce arthritis but not the 
neurotropic exotoxin which thus far has been found to be elaborated 
only by the type A strains. 
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The purpose of the present study was to determine (a) to what 
extent these microorganisms were present in other tissues of carrier 
mice, (b) whether the carrier state persisted throughout life or was 
limited to a special age group, and (c) to investigate further the 
multiplicity of immunological and biological types that make up the 
mouse pleuropneumonia group. The mice used in the present studies 
came from an albino stock that had been inbred in Ohio for about 
50 years. A preliminary investigation of the nasal mucosa and 
conjunctiva of 6 mice, yielded 5 new strains from 3 mice, all of 
which produced the neurotropic exotoxin and were inununologically 
type A. The distribution of the microorganisms in various tissues 
of carrier mice was studied in 10 animals which were 3 to 4 weeks 
old. The eyes, nose, trachea, lungs, heart, blood, liver, spleen, 
kidney, brain, and intestinal contents were cultured on 30% ascitic 
fluid agar. The intestinal contents were taken up in physiological 
salt solution, centrifuged at about 2000 rpm for 30 minutes, and the 
supernatant liquid was used for cultivation. Microorganisms of 
the pleuropneumonia group were obtained from 7 of the 10 mice 
(Table I). With the exception of the eyes and the upper respiratory 
tract they were isolated from the brain of 3 of these mice. Only a 

TABLE I. 

Pathogenic Pleuropneumonia-like Microorganisms in Various Tissues of Carrier 
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'Letters in parentheses refer to the immunological type of the strain that was 
isolated. 
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few colonies were present in the cultures from the brain (there were 
no ordinary bacteria) and all 3 strains proved to be neurotropic 
exo toxin producing Type A’s. Because the culture obtained from 
the nose of mouse 5 behaved peculiarly in tests for pathogenicity and 
agglutination, it was plated out and 3 different kinds of pleuro- 
pneumonia-like colonies were observed. Isolation and passage of 
single colonies revealed that the original culture was a mixture of 
3 immunologically distinct types — A, D, and E. The new types 
D and E produce a progressive chronic arthritis but no neurotropic 
exotoxin and are immunologically different not only from one 
another but also from types A, B, and C of the mouse group and 
L 3 and L t of the rat group of pleuropneumonia-like microorganisms. 
Alice 11 and 12 (Table I) were sacrificed several days after the 
intravenous injection of bacteria, and the 3 strains of pleuropneu- 
monia-like microorganisms which were isolated from the nose, 
lungs, and brain all belonged to the new type D. 

Cultures from the conjunctiva and nasal mucosa of 10 old mice 
(6 months or older) yielded 6 strains from 4 mice, suggesting that 
the carrier state is probably not a transitory phenomenon. Two of 
these strains were typed and the one from the eye was a type A and 
that from the nose a type B. While type A as well as other types 
have been encountered in various tissues, the strains which have 
thus far been isolated from the eyes have all been type A. That the 
carrier state probably develops after birth by contact infection is 
suggested by a preliminary study of 5 mothers and their offspring. 
While 4 of the 5 mothers were carriers (nose, eyes, or both), no such 
microorganisms were found in 13 of their offspring at 3 days of age 
and were present in the nose of only 1 out of 20 at 5 days of age. 

Summary. Pathogenic microorganisms of the mouse pleuro- 
pneumonia group in addition to being present in the conjunctiva and 
nasal mucosa may often be found in the brain and occasionally also 
in the trachea and lung of normal carrier mice. They were not 
found in the heart blood, liver, spleen, kidneys or in the intestinal 
contents. The carrier state is probably the result of contact infec- 
tion and has been demonstrated as early as the 5th day of life and 
later than 6 months. Two new, immunologically distinct types 
(D and E) have been isolated; they produce arthritis but not the 
neurotropic exotoxin which thus far has been found to be elaborated 
only by the type A strains. 
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The purpose of the present study was to determine (a) to what 
extent these microorganisms were present in other tissues of carrier 
m/ce, (b) whether the carrier state persisted throughout fife or was 
limited to a special age group, and (c) to investigate further the 
multiplicity of immunological and biological types that make up the 
mouse pleuropneumonia group. The mice used in the present studies 
came from an albino stock that had been inbred in Ohio for about 
50 years. A preliminary investigation of the nasal mucosa and 
conjunctiva of 6 mice, yielded 5 new strains from 3 mice, all of 
which produced the neurotropic exotoxin and were immunologically 
type A. The distribution of the microorganisms in various tissues 
of carrier mice was studied in 10 animals which were 3 to 4 weeks 
old. The eyes, nose, trachea, lungs, heart, blood, liver, spleen, 
kidney, brain, and intestinal contents were cultured on 30% ascitic 
fluid agar. The intestinal contents were taken up in physiological 
salt solution, centrifuged at about 2000 rpm for 30 minutes, and the 
supernatant liquid was used for cultivation. Microorganisms of 
the pleuropneumonia group were obtained from 7 of the 10 mice 
(Table I). With the exception of the eyes and the upper respiratory 
tract they were isolated from the brain of 3 of these mice. Only a 
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were freed from the absorbent cotton with the aid of 30 cc of 
physiological salt solution. -After horizontal centrifugation one part 
was injected into mice without any further treatment, another part 
was treated with 15% of anaesthetic ether in the same manner as 
the feces, and still another part was mixed with one-tenth its volume 
of rabbit serum and passed through a Berkefeld “V” filter which 
had been saturated with 10 cc of 10% rabbit serum in physiological 
salt solution. The other tissues were prepared as indicated in Table 
I. With the exception of the heart blood, subarachnoid fluid, and 
the centrifuged, untreated suspensions of the nasal mucosa and of 
the tonsillar and pharyngeal tissues, each specimen was injeced into 
6, two- to three-week-old white mice and one rabbit; where this 
number of animals does not appear in the table it means that they 
died within one or 2 days as a result of the inoculation. 

The results shown in Table I indicate that while there was no 
demonstrable virus at the site of inoculation, i.e. the bitten area, 
there was enough present in the cervical cord and medulla, the 
cornu ammonis, and the olfactory bulbs to produce rabies in all the 
inoculated animals after a relatively short incubation period. The 
diagnosis of rabies was made by the demonstration of large numbers 
of typical Negri bodies in films of the brains of succumbing animals, 
by positive passage, and finally by neutralization with rabies immune 
serum which was kindly supplied by Dr. L. T. Webster of the 
Rockefeller Institute. A very small amount of virus, only enough 
to produce rabies in one of 6 mice, was present in the untreated, 
centrifuged suspensions of the nasal mucosa and of the tonsillar 
and pharyngeal tissues, while none was found in the Berkefeld “V” 
filtrates of the same preparations. Virus was also not demonstrated 
m the heart blood, subarachnoid fluid, saliva, and feces. The un- 
affected mice and rabbits were observed for 8 weeks and were then 
tested for immunity by an intracerebral injection of a 10~ 3 dilution 
of the virus (derived from the cord and medulla of this case and 
passaged in mice) which represented approximately 10 minimal 
mouse cerebral lethal doses. All of 62 test mice and 15 control mice 
of the same age developed rabies; 5 test rabbits and one control also 
succumbed. 

V ith regard to the centrifugal spread of the virus along the 
olfactory pathways in human rabies, it would appear therefore that 
after entry by way of the nerves supplying the hand the virus can 
spread to and be present in appreciable amounts in the olfactory 
bulbs ; the small amount which was demonstrated in the nasal mucosa 
indicates how little the extracranial part of the olfactory system can 
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Spread of Virus in an Unvaccinated Case of Human Rabies. 
Albert B. Sabin and Isaac Ruchman 

From the Children’s Hospital Jlescarch Foundation and the Department of 
Pediatrics, University of Cincinnati College of Medicine. 

A necropsy on an unvaccinated case of human rabies presented 
an opportunity to investigate several questions regarding the spread 
of the virus in human beings and the development of immune bodies 
during the course of the disease. Since rabies is noted for the 
centrifugal spread of the virus it was desirable to determine (par- 
ticularly for correlation with poliomyelitis in man) to what extent 
the virus spread outwards along the olfactory pathway and whether 
or not it appeared in the feces in a case in which the portal of entry 
was known to be the hand. 

The patient was a 55-year-old man who was bitten on the right 
hand by a dog. There was no treatment other than superficial 
cleansing of the wound. He died 2 months later after an illness 
of 2 to 3 days with a clinical diagnosis of rabies. Necropsy was 
limited to the head, and the following structures were investigated : 
(1) The skin and subcutaneous tissue at the site of the bite (which 
was still marked by hyperemic scar tissue) after superficial steriliza- 
tion with iodine and alcohol, (2) upper cervical cord and medulla, 
(3) cornu ammonis, (4) olfactory bulbs, (5) nasal mucosa (mostly 
olfactory) removed after an intracranial exposure of the roof of the 
nasal cavity, (6) tonsillar and pharyngeal tissues, (7) saliva 
obtained by swabbing out the mouth and throat with sterile absorbent 
cotton, (8) feces removed from the rectum by spatula, (9) sub- 
arachnoid fluid over the exposed cerebral cortex removed with a 
needle and syringe, and (10) heart blood. The feces was prepared 
for inoculation in two different ways: (a) one 2 g sample was 
shaken with glass beads in 10 cc of broth and after horizontal 
centrifugation at about 2000 rpm for 15 minutes the supernatant 
liquid was passed through a Berkefeld “V” filter which had previously 
been saturated with 20 cc of broth ; (b) a 2.5 g sample was shaken 
in 15 cc of distilled water and after centrifugation as above, the 
supernatant liquid was mixed with 2 cc of anaesthetic ether and 
thoroughly shaken for 10 minutes ; after 5 hours in the refrigerator 
at approximately 5 °C the mixture was again centrifuged and the 
very opalescent fluid portion removed. Preparation (a) was 
bacteria-free while preparation (b) was not. The saliva and mucus 
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after entry by way of the nerves supplying the hand the virus can 
spread to and be present in appreciable amounts in the olfactory 
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indicates how little the extracranial part of the olfactory system can 
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bodies would be present in an individual who died 2 months after the 
introduction of rabies virus into the body. The question was of 
some interest first, because it is known that neutralizing antibodies 
appear in animals and human beings within 2 to 3 weeks after the 
injection of effective rabies vaccines, and second, because in diseases 
like equine encephalomyelitis and yellow fever in which the viruses 
are viscerotropic as well as neurotropic, neutralizing antibodies are 
often found in animals and human beings succumbing to the infec- 
tion. The patient’s serum obtained post-mortem was tested against 
the virus which was isolated from his spinal cord and medulla and 
passaged in mice 8 times; an immune serum from mice inoculated 
with a fixed strain of rabies virus (supplied by Dr. Webster) was 
tested simultaneously. Mixtures of equal parts of the test sera and 
various dilutions of the virus were injected intracerebrally in mice. 
The results, shown in Table II, indicate that the patient’s serum had 
no neutralizing antibodies against the virus, while the mouse immune 
serum exhibited definite protection. 

The results obtained in the present investigation throw some 
additional light on the behavior of rabies virus in man, but it will, 
of course, be necessary to carry out similar studies in other unvacci- 
nated cases to establish whether or not the present findings are the 
exception or the rule. 

Summary. In a 55-year-old man who died of rabies two months 
after a bite on the hand, virus was not demonstrated at the site of 
the bite but was present in appreciable amounts in the cervical cord 
and medulla, the cornu ammonis, and the olfactory bulbs; only a 
trace was found in the nasal mucosa and the tonsillar and pha- 
ryngeal tissue, and none was found in the feces, saliva, subarachnoid 
fluid, and heart blood. The patient’s serum obtained post-mortem 
had no neutralizing antibodies for the virus. 
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bodies would be present in an individual who died 2 months after the 
introduction of rabies virus into the body. The question was of 
some interest first, because it is known that neutralizing antibodies 
appear in animals and human beings within 2 to 3 weeks after the 
injection of effective rabies vaccines, and second, because in diseases 
like equine encephalomyelitis and yellow fever in which the viruses 
are viscerotropic as well as neurotropic, neutralizing antibodies are 
often found in animals and human beings succumbing to the infec- 
tion. The patient’s serum obtained post-mortem was tested against 
the virus which was isolated from his spinal cord and medulla and 
passaged in mice 8 times; an immune serum from mice inoculated 
with a fixed strain of rabies virus (supplied by Dr. Webster) was 
tested simultaneously. Mixtures of equal parts of the test sera and 
various dilutions of the virus were injected intracerebrally in mice. 
The results, shown in Table II, indicate that the patient’s serum had 
no neutralizing antibodies against the virus, while the mouse immune 
serum exhibited definite protection. 

The results obtained in the present investigation throw some 
additional light on the behavior of rabies virus in man, but it will, 
of course, be necessary to carry out similar studies in other unvacci- 
nated cases to establish whether or not the present findings are the 
exception or the rule. 

Summary. In a 55-year-old man who died of rabies two months 
after a bite on the hand, virus was not demonstrated at the site of 
the bite but was present in appreciable amounts in the cervical cord 
and medulla, the cornu ammonis, and the olfactory bulbs; only a 
trace was found in the nasal mucosa and the tonsillar and pha- 
ryngeal tissue, and none was found in the feces, saliva, subarachnoid 
fluid, and heart blood. The patient’s serum obtained post-mortem 
had no neutralizing antibodies for the virus. 
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be affected. While the failure to demonstrate virus in the saliva 
and feces may partly be due to inadequate methods, it may also be 
that there was insufficient centrifugal spread of the virus. The 
present status of the presence of virus in the salivary glands or saliva 
in human rabies is rather indefinite. Thus, Williams, 1 stated that 
glands from human beings are seldom infective for test animals," 
and Leach - recently reported isolation of the virus from the salivary 
glands of only one of 3 human cases. Kraus, Gerlach, and Schwein- 
hurg 3 pointed out the discordance in the results and opinions con- 
cerning infectivity of saliva, and added that no case of rabies has 
been known to be produced by the bite of a human being. Pala- 
wandow and SerebrennajV reported that they produced rabies in 
guinea pigs [the evidence is not unequivocal, however] by intra- 
muscular injection of saliva from a 12-year-old girl with rabies, 
and according to Pawan 5 the above authors obtained similar results 
with saliva from 5 rabid persons. Pawan 3 tested the saliva of 6 
persons with signs of paralytic rabies (Trinidad) by rubbing swabs 
moistened with saliva into the scarified abdominal wall of 7 rabbits, 
all of which became paralyzed and exhibited Negri bodies; by a 
similar method he demonstrated the virus in the saliva of bovines, 
horses, and vampire bats. 

The other question to be investigated was whether or not immune 

TABLE II. 

Test for Neutralizing Antibodies Against Rabies Virus in Patient’s Post-mortem 

Serum. 




Result with 


Dilution 

Brcth 

Patient 's 

% 

Mouse immune 

of virus 

contiol 

serum 

serum. 

10-2 

5,5, 5,G* 

4, 5,5, 6 

8,10,10,0 

10-3 

6,6, 7, S 

5,7,7, 8 

12,0,0,0 

10-t 

7,8,10,0 

6,7,7,15 

10,0,0,0 

10-3 

0,0, 0,0 

77,0,0 

0,0,0, 0 

10-0 

0, 0,0,0 

n.t.* 

n.t. 

*0.03 cc of the various dilutions 

of each mixture was 

injected intracorebraily 

into each of 4 mice. 

The numerals refer to the day on which signs of involvement 

of the nervous system (rabies) were first observed, n.t. = 

not tested. 


l Williams, A. W., Abt’s Pediatrics, 1925, 0, 251. 

- Leael), C, N., personal communication; see also Leach, C. N., and Johnson, 
H. X., Abstracts of communications, Third International Congress for Micro- 


biology, 1939, p. 108. 

3 Kraus, E., Gerlach, I 1 ., and Scliweinburg, Lyssa bei Mensch und Tier, Vienna, 
1926 , pp. 80, 128-131. 

-i Palawandow, H., and Serebrennaja, A. X., Z. f. Immnnitiitsforsch., 1930, 
«8, 236. 

J Pawan, J. L., Ann. Trap. Med., 1937, 31, 267. 
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bodies would be present in an individual who died 2 months after the 
introduction of rabies virus into the body. The question was of 
some interest first, because it is known that neutralizing antibodies 
appear in animals and human beings within 2 to 3 weeks after the 
injection of effective rabies vaccines, and second, because in diseases 
like equine encephalomyelitis and yellow fever in which the viruses 
are viscerotropic as well as neurotropic, neutralizing antibodies are 
often found in animals and human beings succumbing to the infec- 
tion. The patient's serum obtained post-mortem was tested against 
the virus which was isolated from his spinal cord and medulla and 
passaged in mice 8 times; an immune serum from mice inoculated 
with a fixed strain of rabies virus (supplied by Dr. Webster) was 
tested simultaneously. Mixtures of equal parts of the test sera and 
various dilutions of the virus were injected intracerebrally in mice. 
The results, shown in Table II, indicate that the patient’s serum had 
no neutralizing antibodies against the virus, while the mouse immune 
serum exhibited definite protection. 

The results obtained in the present investigation throw some 
additional light on the behavior of rabies virus in man, but it will, 
of course, be necessary to carry out similar studies in other unvacci- 
nated cases to establish whether or not the present findings are the 
exception or the rule. 

•Summary. In a 55-year-old man who died of rabies two months 
after a bite on the hand, virus was not demonstrated at the site of 
the bite but was present in appreciable amounts in the cervical cord 
and medulla, the cornu ammonis, and the olfactory bulbs; only a 
trace was found in the nasal mucosa and the tonsillar and pha- 
ryngeal tissue, and none was found in the feces, saliva, subarachnoid 
fluid, and heart blood. The patient’s serum obtained post-mortem 
had no neutralizing antibodies for the virus. 



Plasma Protein Shifts During Diuresis. 

D. B. Calvin, George Decherd, and George Herrmann. 

Bronx the Departments of Biological Chemistry and Jlledicine, University of Texas, 

Galveston. 

In a previous communication 1 changes were described in the 
plasma volume after the injection of salyrgan, aminophyllin, and 
digoxin. This report deals with the plasma protein changes under 
these conditions. Total proteins were determined by the Kjeldahl 
technic; albumin by the method of Campbell and Hanna f plasma 
volumes by the method of Gregerson, Gibson and Stead 3 as modified 
by Gibson and Evelyn . 4 

After the injection of salyrgan, as the plasma volume drops there 
is a concentration of proteins, with a rise in the percentage of total 
protein and a relatively greater increase in albumin, leading to an 
increase in the albumin -.globulin ratio. When the plasma volume 
is markedly lowered following diuresis the percentage of plasma 
protein increases persist, but the total amount of circulating protein 
is conspicuously lowered. 

Paralleling the increase in plasma volume after aminophyllin there 
is a fall in percentage of plasma protein, but an absolute increase in 
the amount of total circulating protein. The latter is largely ac- 
counted for by an increase in circulating albumin, resulting in an 
increase in the albumin :globulin ratio. During the subsequent 
drop, usually marked, in blood volume 1 there is a definite rise in 
percentage of total protein and albumin, though the amount of each 
in the total circulating plasma shows a striking drop. 

When digoxin was used, the shifts in plasma protein were less 
regular, but in general as the plasma volume dropped there was a 
rise in the percentage of total protein and albumin, with little early 
change in the total amounts of each in the circulating plasma. When 
however the decrease in the plasma volume became marked, though 
the percentage values were maintained there was a large loss of 
protein from the circulating plasma. 

1 Calvin, D. B., Decherd, George, and Herrmann, George, Pkoc. Soc. Exp. Biol, 
and Med., 1940, 4-4, 529. 

2 Campbell, W. R., and Hanna, M. X., J. Biol. Chenu, 1937, 110, 15. 

3 Gregerson, M. I., Gibson, J. G.. and Stead, E. A., Am. J. Physiol., 1935, 
113, 54. 

i Gibaon, J. G., and Evelyn, K., J. Clin. Invest., 1938, 17, 153. 
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TABLE I. 


Drug 

Hr after 
injection 

Plasma 

volume, 

ce 

Total protein 

Albumin 

A/G 

ratio 

g% 

g total 
circulating 

S c /o 

g total 
circulating 

Salvrgan 

0 

5140 

5.74 

295 

3.13 

162 

1.20 

MV 

Vi 

3110 

5.91 

302 

3.26 

166 

1.23 


1 

4620 

6.02 

279 

3.45 

159 

1.34 


2 

4620 

6.11 

283 

3.46 

161 

1.31 


5 

3280 

6.20 

205 

3.63 

119 

1.42 

Aminophyllin 0 

6120 

6.10 

373 

3.38 

207 

1.24 

AO 

Vi 

6488 

6.05 

393 

3.34 

223 

1.22 


1 

6383 

5.94 

380 

3.32 

212 

1.27 


2 

6500 

liemoly 

sis 





3 

6697 

6.01 

402 

3.39 

227 

1.30 


5 

7202 

5.87 

423 

3.43 

242 

1.41 


7 

6278 

6.25 

393 

3.63 

228 

1.39 


9 

4913 

6.39 

314 

3.62 

178 

1.40 


11 

4072 

6.44 

263 

3.81 

156 

1.45 

Digoxin 

0 

3890 

5.76 

224 

3.24 

126 

1.29 

HB 

1 

4130 

5.62 

232 

3.24 

134 

1.36 


o 

3640 

6.00 

218 

3.50 

127 

1.40 


3 

3682 

5.87 

216 

3.36 

124 

1.34 


5 

3800 

5.63 

214 

3.22 

122 

1.34 


7 

3790 

hemolysis 





9 

3060 

5.94 

182 

3.63 

in 

1.57 


11 

2505 

6.00 

152 

3.65 

92 

1.51 


Whenever there is an increase in the plasma volume after the 
injection of aminophyllin, there is noted an increase in the total 
circulating protein, chiefly albumin, similar to the changes observed 5 
in experimental hydremia in the dog. On the other hand, with each 
type of diuretic a drop in plasma volume is associated with moderate 
increase in the percentage of total plasma protein due largely to an 
increase in plasma albumin. The marked drop in the total circulating 
proteins under these circumstances seems explicable only on the 
assumption of plasma protein storage in the tissues. 


5 Calvin, D. B., Proc. Am. Physiol. Soc., in press. 
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Administration of Ascorbic Acid to an Aikaptonuric Patient.* 


Robert Ridgely Sealock, Morton Galdston and 
J. Murray Steele. 

From the Department of Vital Economics, the University of Rochester, Rochester, 
and the Third (New York University) Medical Division, Welfare Hospital for 
Chronic Disease, Welfare Island, New York. 


Recently it has been reported from the senior author’s laboratory 
that artificial alkaptonuria may be readily produced in the guinea 
pig by the supplementation of a vitamin C deficient diet with extra 
tyrosine. 1 With the subsequent administration of the vitamin the 
homogentisic acid in the urine was promptly reduced in amount and 
within 48 to 72 hr was completely absent. These findings suggested 
that the relation of ascorbic acid to the excretion of homogentisic 
acid by the aikaptonuric patient should be investigated. However, 
in the course of the experiments with the guinea pigs, the results of 
two such investigations appeared. These reports by Monsonvi 2 and 
by Diaz, Mendoza and Rodriquez 3 indicate that ascorbic acid is 
without effect, but since, in our own more recent studies 1 it has been 
apparent that in the guinea pig the effectiveness of the dose of as- 
corbic acid is dependent upon the state of vitamin saturation in the 
tissues, it was considered imperative to investigate the effect of doses 
of the vitamin greatly in excess of the normal human requirement, 
and also of the relatively small amounts used by the above inves- 
tigators. 

Experimental. The individual who served as a subject for this 
study is an essentially normal 65-year-old white male who exhibited 
at the time of these experiments alkaptonuria and ochronosis — a 
deposition of pigment mainly in cartilage which is characteristic of 
these individuals in later years. Since the patient had previously 
been on an experiment in which he consumed a relatively high intake 
of protein, he was continued on this level, the diet being a mixed diet 
with considerable variety from day to day but so planned that it 

* Aided by a grant from the Committee on Scientific Research of the American 
Medical Association, 

1 Sealock, R. R., and Silberstein, H. E., Science, 1939, 90, 517. 

2 Monsonyi, L., Pressc Med., 1939, 47, 708. 

3 Diaz, 0. J., Mendoza, H. C., and Rodriquez, J. S., Klin. Wehnschr., 1939, 
IS, 965. 

■i Sealock, R. R., Perkinson, J. D., and Silberstein, H. E., in press. 
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furnished approximately 130 g of protein per day. It included 
throughout the experiment 40 to 50 mg of vitamin C daily, an 
amount comparable to the previous daily intake of the patient. The 
urine was collected in 24 hr samples in bottles containing sufficient 
hydrochloric acid to make the sample slightly acid to Congo red. 
The homogentisic acid was determined by the iodine-sodium thio- 
sulfate titration procedure of Metz 3 as modified by Lieb and Lanyard 
The ascorbic acid determinations were made in the usual fashion by 
titration of the fresh sample with standardized 2,6-dichloro-ben- 
zenone-indophenol. Since homogentisic acid also reduces the dye 
under the conditions of the titrations the values were corrected for 
the amount of the hydroquinone derivative. 

Results. Following a control period vitamin Cf was given orally 
at the comparatively high level of 1.0 g per day. As shown in Fig. 1, 
this amount for 4 days proved to be without effect on the excretion 
of the metabolite, as was the further administration on the 12th and * 

ALKAPTONURIA 

ADMINISTRATION OF VITAMIN C 



Fig. 1. 

Mr. G — 130 g protein per day. Beginning of last day also received 10 g of 
Myrosine. Ascorbic acid, g. — 

5 Metz, E., Biochem. Z. f 1927, 190, 2G1. 

«Lieb, IP, and Luuyar, V., Z. physiol. Chcm 1929, 181, ISO. 
f The vitamin used in this study was very kindly supplied by Merck and Com- 
panv, Incorporated, and Chas. Pfizer and Company, Incorporated. 
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13th days of 2.0 g in 0.5 g portions. For the following 3 days the 
ascorbic acid was again doubled, 2 of the 4 g being given by intra- 
venous injections of 1 g each. That a high level of tissue saturation 
had been attained was indicated by the urinary excretion of 1.08, 
1.62, 1.82 and 2.67 g of ascorbic acid on the 12th to the 15th days 
and a blood ascorbic acid of 2.89 mg per 100 cc. In view of the 
failure of even 4.0 g of the vitamin to effect the homogentisic acid 
output, the possibility yet remained of establishing a relationship 
between the two by flooding the metabolic processes with an extra 
dose, of the precursor. In order to test this possibility 10 g of 
I -tyrosine were given at the beginning of the 16th day and subse- 
quently four 1 g doses of ascorbic acid. The experiment resulted 
negatively, for in the 24 hr urine sample there were present 15.2 g 
of homogentisic acid, which when compared to the previous average 
represents a recovery of 88% of the theoretical. 

The administration of the vitamin was not entirely without ad- 
vantage, albeit the advantage was unrelated to the metabolism of 
the alkaptone substance. Whereas the urine samples of the control 
period showed the usual tendency to darken on standing, with ex- 
cretion of extra ascorbic acid there was no longer any discoloration 
even after several days, a finding which again illustrates the well 
known protective action of this substance against the oxidation of 
ortho- and para-diphenolic compounds by atmospheric oxygen. 

It should be pointed out that the large doses of ascorbic acid were 
without visible effect on the ochronosis exhibited by the individual. 
However, these results do not preclude the possibility of a continued 
high intake of the vitamin in early life preventing the deposition of 
melanotic pigment in later years. That such a possibility is of some 
importance is evident from the fact that perhaps the only unpleasant 
feature of the condition is the appearance of melanin pigment in the 
cartilage of the ears and nose as discussed by Garrod. 7 

The ineffectiveness of ascorbic acid on the abnormal metabolism 
of the alkaptonuric individual indicates a real difference between this 
type of experiment and the one with the guinea pigs 1,4 or in other 
words between hereditary and experimental alkaptonuria. When 
one recalls that the majority of metabolic reactions are chain re- 
actions proceeding under the influence of many different factors and 
enzyme systems, the above difference is not surprising. In the 
guinea pig the missing factor is ascorbic acid while in the alkap- 

7 Garrod, A. E., Inborn Errors of Metabolism, Oxford University Press, 1923, 
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tonuric patient it is not the vitamin but some other factor as yet 
unknown. 

Summary. The administration of from 1 to 4 g of ascorbic acid 
per day has been found to be without effect on the excretion of 
homogentisic acid by an alkaptonuric individual excreting an average 
of 7 g of the metabolite daily. The ineffectiveness of this excessive 
amount of vitamin is a finding which is in agreement with results 
with smaller doses obtained by other investigators. 

The authors are indebted to Professor Vincent du Vigneaud for 
placing at their disposal laboratory facilities in the Department of 
Biochemistry of the Cornell University Medical College for the 
chemical work in connection with this experiment, and to Dr. Elaine 
P. Ralli of the Department of Medicine of New York University 
for the determination of the blood ascorbic acid. 
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Relation of Pantothenic Acid to Dermatitis of the Rat.* 

L. R. Richardson and A. G. Hogan. 

From the Laboratory of Agricultural Chemistry, University of Missouri, 

Columbia, Mo. 

Richardson and Hogan 1 demonstrated that rat dermatitis (acro- 
dynia) is prevented or cured by an aqueous extract of yeast or rice 
bran, and by certain oils. The activity of the aqueous extracts was 
ascribed to the presence of a vitamin, presumably the one later 
designated as vitamin B«. Since this communication is not imme- 
diately concerned with oils our observations, and those of other 
workers, 2 on their protective action will not be described. Birch 3 
reported that two factors are required to prevent or cure acrodynia. 
One is vitamin B«, the other is one of the essential unsaturated fatty 
acids. Gyorgy and Eckhardt 1 obtained complete protection with a 

* Contribution from the Department of Agricultural Chemistry, Missouri Agri- 
cultural Experiment Station Journal Scries No. 080. 

l Richardson, L. R., and Hogan, A. G., Mo. Ayr. Exp. Sta. Bcs. Bui., 1930, 
No. 241. 

n Salmon, W. D., and Goodman, J. G., J. Xutr., 1937, 13, 477; Schneider, H., 
Steenbock, H., and Platz, Blanche R., J. Biol. Chem., 1940, 133, 539. 

a Birch, T. W., J. Biol. Chem., 193S, 134, 775. 

4 Gvorgy, P., and Eckliardt, R. E., Sature, 1939, 1-4-4, 312. 
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combination of vitamin B 0 and various filtrates after fuller’s earth 
adsorption. Under our experimental conditions both pantothenic 
acid and vitamin B a are required to cure this type of rat dermatitis, 
but additional time will be required to determine whether the cure 
is permanent. 

The rats receive a ration of casein 20, sucrose 71, cellulose 3, cod 
liver oil 2, and salts 4, supplemented with 0.2 mg - thiamin and 0.4 mg 
riboflavin per 100 g of food. After mild dermatitis developed vita- 
min B ci was supplied to Group I, pantothenic acid to Group II, and 
both were supplied to Group III. Group IV contained three rats 
that had become moribund on vitamin B a and were then rescued 


TABLE I. 

A Combination of Pantothenic Acid and Vitamin B (; Cures Rat Dermatitis. 





Avg 

E\p. 

period, 

days 

Avg wt 


No. of 
rats 

Supplement 

MS 

, Initial, 
g 

, Final 
g 

"N 

1, 

Remarks 

I 

5 

Bo 

10 

20.5 

•47 

54 

All improved, 4 had re- 

4 

Bo 

20 

13 

39 

42 

currence, died. 1 nor- 
mal last observation. 
All improved, 3 had re- 

•> 

Bo 

30 

18 

•40 

37 

currence, 2 died. 1 nor- 
mal last observation. 
Improved slightly, died. 

II 

7 

Sodium 

pantothenate* 

70 

9.3 

40 

34 

2 healed. 1 died though 
norm, in appearance, 1 

3 

Calcium 

pantothenatet 

70 

12 

39 

45 

recurrence. 1 improved 
but died before it was 
normal. 4 died without 
improving. 

All improved but not nor- 
mal. 2 had recurrence 

III 

o 

B 0 10 + Na 
pantothenate 

70 

30 

30 

116 

at last observation. 

Dermatitis disappeared, 
norm. 

3 

B„ 20 + Ca 
pantothenate 

70 

12 

44 

72 

Dermatitis disappeared, 
norm. 


IY 

2 Na pantothenate 

-I >> ” 


70 

16 

52 

90 

70 

15 

60 

67 


Dermatitis disappeared, 
norm. 

Dermatitis disappeared, 
but infection in both 
eyes, died. 


*We are 
preparation. 

tWe are 
us with this 


greatly indebted to Dr. T. H. Jukes who supplied us with this 
Tiie amount is calculated from his assay in chick units, 
greatly indebted to Merck and Co., Rahway, New Jersey, who supplied 
preparation. 
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with sodium pantothenate. Our observations are summarized in 
Table I. 

All rats that received vitamin B c improved, but 9 of them had a 
recurrence within an average of 15 days. Of the other 2, one has 
been receiving vitamin B,. for 12, the other for 30 days. Of the rats 
that received a pantothenic acid salt, 2 were cured. One of these was 
normal at death and the other had a mild recurrence of the dermatitis 
at the last observation. Some of the others improved but as yet 
none has made a complete recover}'. When both vitamins were 
supplied simultaneously the animals recovered within a week and 
made considerable gains in weight. Three other rats, which failed 
to recover on vitamin B 0 alone and were on the point of death, 
responded in a similar manner when a pantothenic acid salt was also 
supplied. One animal died after the dermatitis had disappeared, 
from a secondary infection in both eyes. 

The eyes of the animals which do not respond to vitamin Be alone 
are affected more severely than those of the animals which do not 
respond to pantothenic acid salts alone. The lids adhere and are soon 
covered by a large scab. If pantothenic acid is supplied in addition 
to vitamin B 0 at this stage the scab falls off, leaving a spectacled 
appearance which disappears without any additional treatment as the 
hair grows back in the denuded areas. Up to the present the other 
lesions characteristic of this type of dermatitis, if either vitamin 
B, ; or a pantothenate is supplied singly, are indistinguishable. 
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Potencies of Vitamin Ki and of 2-Methyl-l, 4-Naphthoquinone. 

Sidxey A. Thayer, R. W. McKee, S. B. Bixkley axd 
Edward A. Doisv.* 

From the Department of Biochemistry, St. Louis University School of Medicine, 

St. Louis. 

In a previous investigation 1 we have confirmed the report of the 
marked antihemorrhagic activity of 2-methyl- 1, 4-naphthoquinone. 2 
A careful comparison of the potencies of this compound and of pure 
vitamin Ki by our 18-hour procedure 1 showed that the latter is 

* Vi e wish to acknon ledge financial assistance from the Theelin Fund adminis- 
tered by the Committee on Grants for Research of St. Louis University. 
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approximately oiie-half as active as the former. In view of this 
observation and the report that by the 6-hour procedure vitamin ICi 
is only 1/30 as potent as 2-methyl-l, 4-naphthoquinone, it seems 
desirable to publish the results that we have obtained in a comparison 
of the potencies of the two compounds by the 6-hour observation 
period. 

Experimental. In our experiments, we have used for the evalua- 

TABLE i. 

Bioassay of Vitamin Iv, and 2-3IethyM,4-N.nphthoquinone. 

- Response 


Exp. 

No. 

Compound 

Dosage 

hS 

Chicks 

used,’ 

No. 

Clotting time 

Prothrombin 

time, 

Mean; S.E. 
sec 

<10 min Mean; S.E. 

% min 

1 

Vitamin Iv, ! 

0.50 

9 

11 

71.0 ± 24.2 




1.00 

10 

30 

23.0 ± 4.6 



2-Methyl* 

0.50 

14 

50 

13.1 ± 2.6 



Controls 

none 

S 

0 

>180. 


o 

Vitamin K x 

2.00 

10 

90 

7.3 ± 1.5 




4.00 

9 

100 

4.5 ± 0.46 



2-Methyl 

0.50 

9 

67 

17.2 ± 4.5 




1.00 

9 

100 

5.3 i: 0.90 



Controls 

none 

9 

0 

>1S0. 


3 

Vitamin K^ 

1.50 

14 

86 

6.0 ± 1.8 



2-Methyl 

0.50 

10 

50 

12.1 ± 2.1 



Controls 

none 

10 

0 

110. 


4 

Vitamin Kj 

2.00 

19 

100 

4.5 ± 0.46 



2-Metbyl 

1.00 

20 

100 

5.2 ± 0.83 



Controls 

none 

10 

0 

100. 


5 

Vitamin Kj 

1.00 

20 

75 

8.0 ± 0.8 

46.6 ± 2.4 


2-Methyl 

0.25 

15 

40 

25.6 ± 8.2 

76.6 ± 4.3 



0.50 

30 

70 

12.0 ± 2.7 

47.0 ± 3.0 


Controls 

none 

10 

0 

325. 

93.3 

6 

Vitamin Kj 

2.00 

15 

100 

5.8 ± 0.5 

28.7 ± 1.2 


2-Methyl 

1.00 

15 

100 

5.5 ± 0.4 

33.7 ± 0.8 


Controls 

none 

5 

0 

361. 

99.0 


* Cl licks used in Exp. 4 were 15 days of age; ail others 21. 
fNatural vitamin was used in these experiments. 

{Used in this table as an abbreviation for 2-methyi-l, 4-naphthoquinone. 

l Thayer, S. A., Binkley, S. B., MacCorquodale, D. W., Doisy, E. A., Emmett, 
A. D., Brown, E. A., and Bird, 0. D., J. Am. Chem. Soc., 1939, 61, 2563. 
Ansbacher, S., and Pernholz, E., J. Am. Chem. Soc., 1939, 61, 1924. 

3 Thayer, S. A., McKee, E. W., Binkley, S. B., MacCorquodale, D. W., and 
Doisy, E. A., Proc. Soc. Exp. Biol, and Med., 1939, -11, 194. 

4 Ansbacher, S., Fernliolz, E., and MacPhillany, H. B., Proc. Soc. Exp. Biol, 
and Med., 1939, 43, 655 ; Ansbacher, S., Eernholz, E-, and Dolliver, 31. A., Pnoc. 
Soc. Exp. Biol, and Med., 1940, 43, 652. 
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tion of the response of the chicks - . ( 1 ) the percentage of chicks show- 
ing a clotting time of less than 10 minutes; 3 (2) the mean clotting 
time; (3) the mean prothrombin time. 0 Following Ansbacher’s sug- 
gestion, a solution of the compound in cod liver oil was administered 
and the blood drawn 6 hours later for the evaluation of the reaction. 
Each assay included the response of the same lot of deficient chicks 
to the administration of one or 2 dosages of each compound and the 
mean clotting time of a control group. The data are summarized 
in the table. 

In Experiments 1, 2, 3 and 4 the volume of cod liver oil used for 
administration of the compounds was 0.10 cc; in Experiments 5 
and 6 only 0.05 cc was used. From other reports and the data of 
this paper it appears likely that in experiments in which the response 
is restricted to a period of 6 hours or less the volume of oil used 
may play a role in the absorption of vitamin Ki and therefore in 
the apparent potency. We believe that the first 4 experiments of the 
table (0.10 cc oil used) indicate clearly that vitamin Ki is approxi- 
mately one-third as potent as 2-methvl-l. 4-naphthoquinone, whereas 
the more complete data of Experiments 5 and 6 in which only 0.05 
cc of solvent was used show that the vitamin is at least one-half 
as active. 

Since the relative inactivity of vitamin Ki with respect to 2-methyl- 
1, 4-naphthoquinone and a purified extract of alfalfa is one of the 
important points in the claim that an antihemorrhagic compound 
more active than vitamin Ki is present in alfalfa the discrepancy 
between Ansbacher's data and our observations should be examined. 
In his recent report Ansbacheri gives for the minimal effective dose 
of 2-methyl-l, 4-naphthoquinone 0.5 m g and for vitamin Ki 15 
Mg. The table in this paper shows that in the 4 experiments in which 
0.50 Mg of 2-methyl-l, 4-naphthoquinone was administered the 
percentages of the groups showing clotting times of less than 10 
minutes were 50, 67, 50 and 90; with 1.0 Mg the response was always 
100%. Consequently, it appears that the agreement with Ans- 
bacher’s data in the case of this compound is entirely satisfactory 
and that the discrepancy is due to the difference in the results 
obtained with vitamin Kj. In our experiments the response to quan- 
tities of from 1 to 2 ranged from 30 to 100%. The highest ratio 
of potencies of the two compounds (Exp. 2) was about 3:1; the 
lowest (Exp. 5) less than 2:1. 

Since the purity of the vitamin K x used in these experiments is an 

5 AimquUt, H. J., and Klosii, A. A., JSuWum. J ., 1939, 33, 1053. 
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important point, we wish to state that it was prepared by hydrolysis 
of the pure diacetyl dihydrovitamin Ivi. The vitamin Ki was puri- 
fied by recrystallization at — 70°C. 

Analysis: Found C S2.39 %; H 10.37% 

Calculated C 82.62%; H 10.26% 

EJ^ni of a hexane solution at A 249 m^ = 448 
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Effect of Leukotaxine on Cellular Permeability and on Cleavage 

Development. 

Valy Menkin 

From the Department of Pathology, Harvard University Medical School, and the 
Marine Biological Laboratory, Woods Hole, Mass . * 


Previous studies have demonstrated the presence of a nitrogenous 
substance in inflammatory exudates capable per se of increasing 
capillary permeability and of inducing rapid diapedesis of poly- 
morphonuclear leukocytes. This substance has been named leuko- 
taxine. 1-3 Its isolation has offered a reasonable explanation for two 
of the basic mechanisms in the development of the inflammatory 
reaction. Furthermore, this substance has been shown to possess 
none of the manifest physiological properties of histamine, thus 
rendering it difficult to accept the view that the latter plays a primary 
role in increasing capillary permeability at the site of injury. 4 " 
Kaiser has recently reached in regard to histamine an essentially 
similar conclusion, i. e., at least as far as a long-standing inflamma- 
tory reaction is concerned. 0 

The present series of experiments have been undertaken in an 
endeavor to determine whether leukotaxine exerts any direct effect 

* Aided by grants from the Milton Fund of Harvard University, from the 
International Cancer Foundation, and the Dazian Fund for Medical Eesearch. 

1 Menkin, V., J. Exp. Med., 1936, 04, 485. 

2 Menkin, V., J. Exp. Med., 1938, 07, 129. 

3 Menkin, V., J. Exp. Med., 1938, 07, 145. 

4 Menkin, V., Physiol. Lev., 1938, 18, 366; Dynamics of inflammation, 1940, 

Macmillan Co., New York. . 

3 Menkin, V., and Kadish, M. A., Am. J. Physiol., 1938, 124, 524; Menkin, V., 
Proc. Soc. Exp. Biol, and Med., 1939, 40, 103. 

c Kaiser, P., Schweiz. Z. f. ally. Path. u. BakterioL, 1939, 2, 1. 
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on cellular permeability. The studies of Lucke and McCutcheon 
have demonstrated the usefulness of marine ova as effective material 
in the study of the living cell in its relation to permeability to water." 
The rate of passage of water placed in ova in a hypotonic medium 
is computed from the rate of change of volume. The permeability 

is derived from the equation: Permeability = ~/S (P — Pex.) For 

a detailed description of the terms involved in the equation, the 
reader is referred to the various publications of Lucke and 
McCutcheon. 7 ' 8 

The present studies were made on the eggs of the sea urchin, 
Arbacia punctulata. For each experiment the ova were obtained 
from a single specimen of Arbacia and placed in sea water. The 
diameter of a number of ova was determined with an eyepiece 
micrometer. The cells are spherical and therefore the diameters were 
readily converted into measurements of surface area and volume. 
The ova were then transferred to hypotonic sea water (50% ), and 
the rate of change of volume measured from minute to minute for a 
period of about 6 minutes. A smooth curve was drawn from which 
at a given time (2 to 3 minutes) the slope of the curve was obtained 
by drawing a tangent. Calculation of the permeability to water was 
then readily computed by applying the above equation. Ova were 
also exposed for several minutes to sea water containing leuko- 
taxine in concentration of about 5 mg per cubic centimeter. These 
ova were then transferred to hypotonic sea water (50%) and their 
rate of swelling immediately measured. In each case the mean 
volume of several ova was plotted against time. Leukotaxine 
suspended in sea water induced a slightly acid medium which, after 
a prolonged interval, seemed to inhibit any change in the perme- 
ability of ova. The same type of result was obtained when normal 
ova were immersed in sea water previously acidified with HC1. For 
this reason, several experiments were performed by adjusting to a 
slightly alkaline level with 0.5 N NaOH the pH of the sea water 
containing leukotaxine. In experiments of short duration, this 
precaution was found superfluous. It seemed. in brief, as if only 
ova exposed tor several hours to an acid medium failed to swell 
"hen subsequently transferred to a hypotonic medium. The data 
are summarized in Table I. It is clear that leukotaxine-treated ova 
show ed, when immersed in a hypotonic medium, a considerable aug- 

• Lucke, B., ami McCutcheon, M., Physiol, llcv., 1932, 12, OS. 

S LucJu *» B -> :uul McCutcheon, M., Arch. Path., 1930, 10, G02. 
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table i. 

Effect of Leukotaxine on Permeability of Ova to Water When Exposed to Hypo- 
' tonic Sea Water. 


No. of 
experiment 

Permeability of 
control ova* 

Permeability of 
leukotaxine-treated 
ova* 

% increase 

1 

.12 

.22 

83.3 


.09 

.16 

77.7 

3 

.15 

.25 

66.6 

4 

•ii 

.15 

36.4 

0 

.13 

.16 

23.1 

Avg 

.12 

.19 

57.4 


*The units of permeability are in terms of cubic micra of water entering per 
minute, per square micron of cell surface, per atmosphere of pressure. 


mentation in their permeability to water. The average increase 
over that of control ova was about 57%. 

The present observations add further support to the view that 
probably leukotaxine increases capillary permeability by a direct 
effect on the permeability of the endothelial cell. Bier and Rocha e 
Silva originally postulated that histamine and leukotaxine were 
identical substances. 9 Their view was severely criticized by the 
writer. 4 ’ 5 In view of the mass of accumulated evidence Bier has 
recently retracted his original contention 10 (and personal communi- 
cation, 1939). His present interpretation, however, that leukotaxine 
possibly liberates histamine which in turn is responsible for the 
increased capillary permeability 10 is not supported by any observa- 
tions. On the contrary, a concentration of histamine ( 1 :20,000 to 
1 :50,000) equal to that recovered from exudates by Bier and Rocha 
e Silva, fails to induce the exact pattern of reaction on capillary 
permeability as elicited by either the untreated exudate or by leuko- 
taxine recovered from such exudative material. It is also of interest 
to note that histamine fails to augment the permeability of sea urchin 
ova to water (Lucke, personal communication). In view of the 
opposite effect obtained with leukotaxine, it would be difficult to 
postulate that the latter acts on these cells by first releasing histamine. 
Finally, Ivy has recently succeeded in showing that whereas 
histamine induces increased gastric secretion of free acid in a 
Pavlov-pouch dog, leukotaxine is wholly ineffective in inducing any 
such effect (personal communication). This evidence supports 
further the view that leukotaxine fails to induce a release of 

9 Bier, 0., and Rocha e Silva, II., Arqtt. d. Inst. Biologico, 1938, 9, 109, 123, 129. 

10 Bier, 0., Proo. Third International Congress for Microbiol., New York, 1940, 

p. 708. 
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histamine, since the latter in concentration as low as 0.1 mg mani- 
fests demonstrable secretion of free acid. 

Lucke and McCutcheon showed that Arhacia ova placed in a 
hypotonic solution display an increased permeability to water. 
When these cells were returned to ordinary sea water and insem- 
inated. cleavage frequently failed to occur or was atypical. 8 These 
investigators expressed the belief that increased permeability is an 
expression of injury due to the rapid entrance of water. Leuko- 
taxine not only enhances the permeability of sea urchin eggs to water 
hut it also definitely disturbs cleavage development. This would 
suggest that this substance probably induces a certain amount of 
cellular injury. 

The eggs of Arbacia punctnlata were exposed to leukotaxine 
suspended in sea water in concentration of about 0.7 mg per cubic 
centimeter. The length of exposure to leukotaxine, prior to insem- 
ination in ordinary sea water, varied from one minute to 3 hours. 
In some instances, the pH of the sea water containing the leuko- 
taxine-treated ova was adjusted approximately to that of ordinary 


TABLE II. 

Effect of Leukotaxine on Cleavage of Arbacia Ova. 


Exp. 

No. 

Experimental 

Time exposure to leukotaxine 

Control 

Time exposure to sea water 
prior to fertilization 

, — - , — i 

1-30 min 1-3 hr 1-30 min 1-3 hr 

% ova in cleavage % ova in cleavage % ova in cleavage % ova in cleavage 

1 

•42 

0 

40 

14 


0 

0 



O 

08 

94 

92 

98 


92 

88 





58 



3 

32 

20 

100 

74 



3" 


7G 



G 



4 

GO 

93 

100 

100 



GO 


03 



92 



5 

4-4 

32 

100 

94 


58 




G 

44 


100 



34 





18 





oo 





Avg 42 

49.70 

S8.G7 

79.14 
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TABLE I. 

Effect of Leukotaxine on Permeability of Ova to Water When Exposed to Hypo- 
tonic Sea Water. 


No. of 
experiment 

Permeability of 
control ova* 

Permeability of 
leukotaxine-treated 
ova* 

fo increase 

1 

.12 

.22 

83.3 


.09 

.16 

77.7 

3 

.15 

.25 

66.6 

4 

.11 

.15 

36.4 

5 

.13 

.16 

23.1 

Avg 

.12 

.19 

57.4 


*Tlie units of permeability are in terms of cubic micr.a of water entering per 
minute, per square micron of cell surface, per atmosphere of pressure. 


mentation in their permeability to water. The average increase 
over that of control ova was about 57%. 

The present observations add further support to the view that 
probably leukotaxine increases capillary permeability by a direct 
effect on the permeability of the endothelial cell. Bier and Rocha e 
Silva originally postulated that histamine and leukotaxine were 
identical substances. 9 Their view was severely criticized by the 
writer. 4, 5 In view of the mass of accumulated evidence Bier has 
recently retracted his original contention 10 (and personal communi- 
cation, 1939). His present interpretation, however, that leukotaxine 
possibly liberates histamine which in turn is responsible for the 
increased capillary permeability 10 is not supported by any observa- 
tions. On the contrary, a concentration of histamine ( 1 :20,000 to 
1 :50,000) equal to that recovered from exudates by Bier and Rocha 
e Silva, fails to induce the exact pattern of reaction on capillary 
permeability as elicited by either the untreated exudate or by leuko- 
taxine recovered from such exudative material. It is also of interest 
to note that histamine fails to augment the permeability of sea urchin 
ova to water (Lucke, personal communication). In view of the 
opposite effect obtained with leukotaxine, it would be difficult to 
postulate that the latter acts on these cells by first releasing histamine. 
Finally, Ivy has recently succeeded in showing that whereas 
histamine induces increased gastric secretion of free acid in a 
Pavlov-pouch dog, leukotaxine is wholly ineffective in inducing any 
such effect (personal communication). This evidence supports 
further the view that leukotaxine fails to induce a release of 

9 Bi erj o., and Boclia e Silva, M., Arqu. d. Inst. 'Biologico, 1938, 9, 109, 123, 129. 

10 Bier, 0., Proo. Third International Congress for Microbiol., New York, 1910, 

p. 768. 
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histamine, since the latter in concentration as low as 0.1 mg mani- 
fests demonstrable secretion of free acid. 

Lucke and McCutcheon showed that Arbacia ova placed in a 
hypotonic solution display an increased permeability to water. 
When these cells were returned to ordinary sea water and insem- 
inated, cleavage frequently failed to occur or was atypical. 8 These 
investigators expressed the belief that increased permeability is an 
expression of injury due to the rapid entrance of water. Leuko- 
taxine not only enhances the permeability of sea urchin eggs to water 
but it also definitely disturbs cleavage development. This would 
suggest that this substance probably induces a certain amount of 
cellular injury. 

The eggs of Arbacia punctidata were exposed to leukotaxine 
suspended in sea water in concentration of about 0.7 mg per cubic 
centimeter. The length of exposure to leukotaxine, prior to insem- 
ination in ordinary sea water, varied from one minute to 3 hours. 
In some instances, the pH of the sea water containing the leuko- 
taxine-treated ova was adjusted approximately to that of ordinary 


TABLE II. 

Effect of Leukotaxine on Cleavage of Arbacia Ova. 


Exp. 

No. 

Experimental 

Time exposure to leukotaxine 

Control 

Time exposure to sea water 
prior to fertilization 

1-30 min 
% ova in cleavage 
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% ova in cleavage % ova in cleavage % ova 
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sea water by the addition of 0.5 N NaOH. This precaution induced 
essentially no difference in the ultimate results. The effect on 
cleavage formation obtained in leukotaxine-treated and in control 
ova is summarized in Table II. In both groups similar containers 
with approximately the same volume of suspension of eggs were 
utilized. It is clear that with the exception of one experiment most 
of the ova in the control group displayed, within several hours, 
variable numbers of blastomeres. The percentage of ova in cleavage 
exposed 1 to 30 minutes to sea water prior to insemination averaged 
88.67. When exposed for longer intervals (1 to 3 hours) the 
percentage of ova in various stages of cleavage was slightly reduced, 
namely 79.14. These two figures stand in sharp contrast with the 
effect obtained in the leukotaxine-treated group. The number of 
ova with blastomeres averaged, in the experimental ova, 42 and 
49.75% respectively. In other words, about half of the eggs exposed 
to leukotaxine failed to divide when subsequently inseminated. 

Furthermore, the cleavage pattern in the majority of leukotaxine- 
treated ova appeared abnormal, being characterized by fewer blasto- 
meres than in the control eggs and by unequal forms of division. 
This is exemplified in Fig. 1 and 2. The former shows normal 
development of an ovum about one hour and a half following insem- 
ination. Fig. 2 illustrates the type of development encountered in 
an ovum exposed to leukotaxine prior to insemination The ovum 
is from the same specimen of Arbacia as the one in Fig. 1 and the 
intervals following insemination are approximately identical in both 
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cases. The illustrations represent histological sections after fixation 
in Bonin and acetic acid followed by 70% alcohol. This abnormal 
form of development in the leukotaxine-treated ova was frequently 
traced back to the fertilization reaction. The fertilization mem- 
brane appeared as a zone distinctly narrower than under normal 
circumstances. It was frequently found surrounded by sperms 
adhering to it (Fig. 2). Evidence of either cytolysis, absence or 
localization of the pigment in one area of the ovum were not of 
infrequent occurrence. These facts suggest that leukotaxine induces 
some degree of injury to the ova. It is also important to note that 
besides unequal cleavage, the leukotaxine-treated eggs displayed, 
after a given interval of time, considerably fewer blastomeres than 
in the untreated ova (Fig. 1 and 2). This strongly suggests that 
leukotaxine tends to retard the rate of cleavage. 

Finally, sperms exposed for only a few minutes to leukotaxine 
induced fertilization of the ova of Arbacia and the subsequent 
cleavage pattern appeared to be unaltered. When, however, sperms 
were placed in contact with leukotaxine for about one hour, there 
was a sharp reduction in their fertilizing capacity. In some cases 
98% of the ova failed to segment. This indicates that leukotaxine 
is evidently likewise injurious to sperms provided the latter are 
exposed to this substance for a sufficiently long interval. 

Conclusions. Leukotaxine, the substance obtained from inflam- 
matory exudates which is capable per sc of increasing capillary 
permeability and of inducing leukocytic migration, markedly aug- 
ments the permeability of sea urchin ova to water. Furthermore, a 
considerable number of ova exposed to this substance manifest 
abnormal e'eavage development following their insemination. This 
appears in the form both of unequal cleavage and of an appreciable 
retardation in the rate of cell division. Sperms are also inactivated 
after prolonged exposure to leukotaxine. These various manifesta- 
tions indicate that leukotaxine induces a certain degree of cellular 
injury when in contact with the ova or sperms of Arbacia piinctulata. 
These effects on invertebrate eggs coupled with its role in inflamma- 
tion suggest that leukotaxine may prove of biological significance 
in the study of cell division and permeability. 

M\ thanks are due to Doctor B. Lucke for generous advice during 
the course of this study. 
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sea water by the addition of 0.5 N NaOH. This precaution induced 
essentially no difference in the ultimate results. The effect on 
cleavage formation obtained in leukotaxine-treated and in control 
ova is summarized in Table II. In both groups similar containers 
with approximately the same volume of suspension of eggs were 
utilized. It is clear that with the exception of one experiment most 
of the ova in the control group displayed, within several hours, 
variable numbers of blastomeres. The percentage of ova in clea\age 
exposed 1 to 30 minutes to sea water prior to insemination averaged 
88.67. When exposed for longer intervals (1 to 3 hours) the 
percentage of ova in various stages of cleavage was slightly reduced, 
namely 79.14. These two figures stand in sharp contrast with the 
effect obtained in the leukotaxine-treated group. The number of 
ova with blastomeres averaged, in the experimental ova, 42 and 
49.75 % respectively. In other words, about half of the eggs exposed 
to leukotaxine failed to divide when subsequently inseminated. 

Furthermore, the cleavage pattern in the majority of leukotaxine- 
treated ova appeared abnormal, being characterized by fewer blasto- 
meres than in the control eggs and by unequal forms of division 
This is exemplified in Fig. 1 and 2. The former show's normal 
development of an ovum about one hour and a half following insem- 
ination. Fig. 2 illustrates the type of development encountered in 
an ovum exposed to leukotaxine prior to insemination The ovum 
is from the same specimen of Arbacia as the one in Fig 1 and the 
intervals following insemination are approximately identical in both 
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was omitted, 4 out of 5 dogs died following ventricular fibrillation 
when epinephrine was injected during second plane cyclopropane 
anesthesia. Two test doses of epinephrine had been used in 2 of the 
cases and only one test dose in the other 2. All 4 of these animals 
had recovered from previous experiments in which they had been 
treated with p-amino benzoic acid prior to the injection of the 
same doses of epinephrine. In the animals that survived the ad- 
ministration of epinephrine alone, the cardiac irregularities were 
more severe than when the epinephrine injection was preceded by 
p-amino benzoic acid. One animal in this group developed ven- 
tricular fibrillation following the injection of one test dose of epi- 
nephrine preceded by p-amino benzoic acid. This animal, however, 
showed such marked emotional agitation prior to being anesthetized 
as to suggest the possibility of excess epinephrine secretion being 
an additive factor to the epinephrine administration. 

The action of Paramon was studied in 21 experiments on 9 dogs. 
The results were similar to those obtained with p-amino benzoic 
acid. Noteworthy is the fact that when ventricular fibrillation 
developed in 2 of the animals following the injection of epinephrine 
alone, the intracardiac injection of 100 mg of procaine in 5 cc 
saline caused a change from ventricular fibrillation to auricular 
tachycardia and finally full recovery to sinus rhythm. Subsequently, 
the intracardiac injection of Paramon under the same conditions in 
the same animals was ineffective. 

Sodium p-amino benzoate which is more soluble than the other 
2 drugs permitted the use of larger quantities in less volume of solu- 
tion. Doses of 10 to 40 mg per kilo were used and found to have 
effects similar to those of the other 2 dogs. Sixteen experiments on 
7 dogs were performed with this drug. Five of the animals showed 
complete absence of cardiac irregularities when sodium p-amino 
benzoate was injected before one test dose of epinephrine whereas 
omission of sodium p-amino-benzoate resulted in ventricular fibril- 
lation in 3 of the animals and ventricular tachycardia in the other 
2. The remaining animals showed a few ventricular premature 
systoles when sodium p-amino benzoate was employed prior to 
epinephrine in contrast to the development of ventricular tachy- 
cardia in one case and ventricular fibrillation in the other when 
epinephrine alone was administered. In this group also. 2 of the 
animals that developed ventricular fibrillation were successfully 
treated by the intracardiac injection of procaine but succumbed 
when soduun p-amino benzoate was emploved at the time of fibril- 
lation. 
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In a previous presentation 1 it was reported that procaine reduced 
the incidence of ventricular fibrillation following the intravenous 
injection of small doses of epinephrine into dogs during cyclo- 
propane anesthesia. Since the injection of procaine solution into 
the circulation of man is frequently followed by untoward reactions, 
it seemed desirable to investigate the action of less toxic substances 
of the same chemical group. Para-amino benzoic acid, Paramon* 
and sodium para-amino benzoate were the drugs studied. 

Fifty experiments were performed on 21 dogs. Preanesthetic 
medication, morphine sulphate one mg per kilo and scopolamine 
hydrobromide 0.04 mg per kilo was injected subcutaneously one 
hour before each experiment. The carbon dioxide absorption technic 
was utilized for cyclopropane anesthesia. An unobstructed airway 
was assured by an endotracheal tube fitted with an inflatable cuff. 
Depth of anesthesia was maintained at second plane as evidenced by 
the loss of the lid reflex and maintenance of intercostal activity. 
Electrocardiograms (lead II) were taken before, during and after 
drug administration. 

The test injection of epinephine was 0.01 mg per kilo in 5 cc of 
normal saline, given intravenously at the rate of 1 cc per 10 seconds. 
Para-amino benzoic acid and Paramon were administered intra- 
venously at the dose of 5 to 10 mg per kilo in 20 cc of normal saline 
injected at the rate of 5 cc in 10 seconds. Sodium p-amino benzoate 
was administered at the dose of 10 to 40 mg per kilo in 5 cc of 
normal saline at the rate of 1 cc in 10 seconds. 

The effects of p-amino benzoic acid were studied in 13 experi- 
ments on 5 dogs. Administration of this drug during cyclopropane 
anesthesia prior to the injection of epinephrine showed a protecting 
action against the production of cardiac irregularities. When it 

1 Burstein, Charles !>., and Marangoni, Bruno A., PkOC. Soc. Exp. Biol, and 
Med., 1940, 43, 210. 

* Paramon is the calcium double salt of benzyl succinic and p-amino benzoic 
acids prepared and supplied by the Seydel Chemical Company. 
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was omitted, 4 out of 5 dogs died following ventricular fibrillation 
when epinephrine was injected during second plane cyclopropane 
anesthesia. Two test doses of epinephrine had been used in 2 of the 
cases and only one test dose in the other 2. All 4 of these animals 
had recovered from previous experiments in which they had been 
treated with p-amino benzoic acid prior to the injection of the 
same doses of epinephrine. In the animals that survived the ad- 
ministration of epinephrine alone, the cardiac irregularities were 
more severe than when the epinephrine injection was preceded by 
p-amino benzoic acid. One animal in this group developed ven- 
tricular fibrillation following the injection of one test dose of epi- 
nephrine preceded by p-amino benzoic acid. This animal, however, 
showed such marked emotional agitation prior to being anesthetized 
as to suggest the possibility of excess epinephrine secretion being 
an additive factor to the epinephrine administration. 

The action of Paramon was studied in 21 experiments on 9 dogs. 
The results were similar to those obtained with p-amino benzoic 
acid. Noteworthy is the fact that when ventricular fibrillation 
developed in 2 of the animals following the injection of epinephrine 
alone, the intracardiac injection of 100 mg of procaine in 5 cc 
saline caused a change from ventricular fibrillation to auricular 
tachycardia and finally full recovery to sinus rhythm. Subsequently, 
the intracardiac injection of Paramon under the same conditions in 
the same animals was ineffective. 

Sodium p-amino benzoate which is more soluble than the other 
2 drugs permitted the use of larger quantities in less volume of solu- 
tion. Doses of 10 to 40 mg per kilo were used and found to have 
effects similar to those of the other 2 dogs. Sixteen experiments on 
7 dogs were performed with this drug. Five of the animals showed 
complete absence of cardiac irregularities when sodium p-amino 
benzoate was injected before one test dose of epinephrine whereas 
omission of sodium p-amino-benzoate resulted in ventricular fibril- 
lation in 3 of the animals and ventricular tachycardia in the other 
2. The remaining animals showed a few ventricular premature 
systoles when sodium p-amino benzoate was employed prior to 
epinephrine in contrast to the development of ventricular tachy- 
cardia in one case and ventricular fibrillation in the other when 
epinephrine alone was administered. In this group also. 2 of the 
animals that developed ventricular fibrillation were successfully 
treated by the intracardiac injection of procaine but succumbed 
when sodium p-amino benzoate was employed at the time of fibril- 
lation. 
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Conclusions. The administration of p-amino benzoic acid, the 
calcium double salt of benzyl succinic and p-amino benzoic acids, 
or sodium p-amino benzoate prior to a test dose of epinephrine dur- 
ing cyclopropane anesthesia reduced the incidence of ventricular 
fibrillation. The intracardiac injection of procaine at the time when 
ventricular fibrillation developed effected a return to normal in a 
number of cases. Ventricular fibrillation was not ameliorated by 
the intracardiac injection of the other three p-amino benzoic acid 
derivatives. 

The authors wish to express their appreciation for the helpful 
suggestions of Dr. Arthur C. DeGraff. 
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Anti-Catalase Activity of Sulfanilamide and Related Compounds. 
VI. Further Studies on Sulfonhydroxamides. 

Lawrance E. Shinn, Edna R. Main and Ralph R. Mellon. 

From The Western Pennsylvania Hospital Institute of Pathology, Pittsburgh, Pa. 


In previous studies on the anti-enzymatic concept of the mode 
of action of sulfanilamide . 1-1 attention has been focused on catalase 
as one of the enzymes of importance. A time factor was postulated 
for the comersion of the inactive sulfanilamide to an active anti- 
catalase, which was presumed to result through oxidation to the 
hvdroxylamino derivative. This furnishes an explanation of the 
characteristic lag period preliminary to the bacteriostatic action of 
sulfanilamide. It was therefore expected that p-hydroxylamino 
sulfanilamide, or a similar substance, would exert a bacteriostatic 
effect without this period of lag and that in addition the action 
would be more intensive. The sulfonhydroxamides contain a 
hydroxylamino group which, although located differently in the 
molecule, contributes anti-catalase activity. Hence they might 

i Main, E. R., Shinn, L. E., and Mellon, R. R., Prop. Soc. Exp. Biol and Med., 
1938, 30, 272. 

a Shinn, L. E., Main, E. R., and Mellon, R. R., Proc. Soc. Exp. Biol, and Med., 

1938, 39, 591. 

3 Main, E. R., Shinn, L. E., and Mellon, R. R., Proc. Soc. Exp. Biol, and Med., 
1939,43,115. 

4 Mellon, R. R., Locke, A. P., and Shinn, L. E., Publication Ao. 11, A- R- A- *■> 

1939, pp. 98-113. 
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behave as preformed active derivatives. It was demonstrated- 
that / 7 -caproy!aminnbenzenesuifonhydroxamide was capable of in- 
itiating bacteriostasis in broth cultures of the pneumococcus without 
the degree of lag manifested by sulfanilamide and that the bacterio- 
static power per mole was more than 4 times as great as that of 
sulfanilamide. All of the sulfonhydroxamides examined were 
capable of effecting the accumulation of hydrogen peroxide in 
pneumococcus cultures. 

These results were obtained in the absence of blood. The known 
reactivity of hydroxylamine and its derivatives for hemoglobin 
would lead to the expectation that in the presence of blood the 
hydroxylamino group would he destroyed before reaching the bac- 
terial cell* with a resulting diminution of the bacteriostatic effect. 
It would not be expected that the immediate nature of the 
action would be impaired. This bacteriostasis should, however, 
prove to be transient. There are thus 3 points which can be tested 
experimentally. 

Cultures of a virulent pneumococcus (Neufeld Type I) were 
established by seeding 1.5 cc samples of defibrinated rabbit blood 
contained in lxll cm tubes with 0.1 cc of a 1/100,000 broth dilution 
of a 16-hr. blood broth culture (300 organisms) and incubating 
at 39.5°C for 1.5 hr with intermittent shaking. Plate counts were 
made at the end of this period and the required compounds added 
as 0.1 cc of a blood dilution of an alcoholic stock solution. Con- 
trols received corresponding amounts of alcohol. f Incubation and 
shaking were continued and further counts made at 0.75, 1.75, 
3.5, and 8.5 hr after the additions. Inhibition was calculated as 
in the preceding paper, 3 

Fig. 1 A, B, C, F, gives the results of such experiments for 
p-caprovlaminobenzenesulfonhydroxamide and sulfanilamide In 
order to attain a degree of bacteriostasis comparable with that pro- 

stain, E. R., Shinn, L. E., ana Mellon, R. R., Proc. Soc. Exr. Biol, and Med., 
1940 , 43 , 593 . 

‘Blood containing the sulfonhy droxamides took on a brownish hue during 
incubation. While no experimental proof of the point is mailable, tins was in all 
probability the result of methemoglobin formation and an indication of the lability 
of the hydroxamide group. It has been found in the Sharp and Dohme Laboru- 
lorus that these sultonhv droxamides decompose in contact with moisture to vield 
oxides of nitrogen. Obviously these oxides would tend to produce metheuiugfobin. 
They also appear to be responsible for the yellow color prodmed nbtn broth 
containing the sulfonhydroxamides was treated with o tolidine.' 

* The concentration of alcohol in the oulturvs was 1 C r 'r. It appeared to have 
no effect on growth. 
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or sodium p-amino benzoate prior to a test dose of epinephrine dur- 
ing - cyclopropane anesthesia reduced the incidence of ventricular 
fibrillation. The intracardiac injection of procaine at the time when 
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number of cases. Ventricular fibrillation was not ameliorated by 
the intracardiac injection of the other three p-amino benzoic acid 
derivatives. 
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In previous studies on the anti-enzymatic concept of the mode 
of action of sulfanilamide , 1-4 attention has been focused on catalase 
as one of the enzymes of importance. A time factor was postulated 
for the comersion of the inactive sulfanilamide to an active anti- 
catalase, which was presumed to result through oxidation to the 
hydroxylamino derivative. This furnishes an explanation of the 
characteristic lag period preliminary to the bacteriostatic action of 
sulfanilamide. It was therefore expected that p-hydroxylamino 
sulfanilamide, or a similar substance, would exert a bacteriostatic 
effect without this period of lag and that in addition the action 
would be more intensive. The sulfonhydroxamides contain a 
hydroxylamino group which, although located differently in the 
molecule, contributes anti-catalase activity. Hence they might 

1 Main, E. R,, Shinn, L. E., and Mellon, R. R., Paoc. Soc. Exp. Biol, and Med., 
1938,30,272. 

2 Shinn, L. E., Main, E. B., and Mellon, R. R., Proc. Soc. Exp. Biol, and Med., 
1038, 30, 591. 

3 Main, E. R., Shinn, L. E., and Mellon, R. R., Proc. Soc. Exp. Biol, and Med., 
1939,43,115. 

i Mellon, R. B., Locke, A. P., and Shinn, L. E., Publication A o. 13, A. A. A. 
1939, pp. 98-113. 
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duced by 0.00052 M (9 mg c /c) sulfanilamide, the concentration of 
the hydroxamide must be raised to 0.00104 M. This is in contrast 
to the results for the same compound in broth where less than 
0.00016 M was required for the same result. 3 The expected action 
of blood in reducing the bacteriostatic efficacy of this type of com- 
pound is hence demonstrated. As was anticipated, the bacteriostatic 
power of the sulfonhydroxamide is established within the first 
observational period, whereas that of sulfanilamide shows a brief 
period of stimulation. 

The dip in bacteriostatic power at the second interval in Fig. 1 A 
suggests two diverse actions. The second action appears at about 
the time that the first is vanishing and resembles that produced by 
sulfanilamide. This suggests that it can be attributed to a free 
p - amino group produced from the caproylamino group whereas 
the transient portion can be referred to the hydroxamide group. 

This was tested by employing two other compounds: p- toluene- 
sulfonhydroxamide and />-caproy!aminobenzenesulfonarnide in 
which the two groups are removed to separate molecules. The re- 
sults are shown in Fig. 1 D and E. When the caproylamino group 
is absent (D) only the immediate transient action is obtained. 
When the hydroxamide group is replaced by an amide group (E) 
no immediate action is found but the second action of />-caproyl~ 
aminobenzenesulfonhydroxamide is approximately reproduced. 
Hence it appears that the postulate regarding the prompt but tran- 
sient nature of the action of the hydroxamide group is correct but 
that the complete acvlaminobenzenesulfonhydroxamide molecule 
has a double activity. This result made it advisable to investigate 
the extent of deacvlation of caproylamino derivatives in blood. 

To whole defibrinated rabbit blood was added />-caproy!amino- 
benzenesulfonhydroxamide or />-caprovlaminobenzenesulfonamide 
to a concentration of 0.00078 M. The samples were incubated at 
39.5° and portions withdrawn for analysis by the Marshall method. 
The results are given in Table I. Both compounds underwent sub- 
stantial deacylation in blood. In broth no significant deacylation of 
the sulfonhydroxamide was noted; indicating that deacvlation in 
blood was largely enzymic. That the degree of conversion to free 
amine in the case of the sulfonhydroxamide is sufficient to account for 
the bacteriostasis produced is not conclusively demonstrated but in 
big- 1 G is shown the result of experiments with a lower concentra- 
tion ot sulfanilamide (4 mg% ) in which very substantial bacterio- 
stasis was produced. 



598 Bacteriostatic Activity of Sulfoxiiydroxamides 



Fig. 1. 

Inhibition of growth of Type I pneumococcus in defibrinated rabbit blood at 
39.5°C by: (A) p-caproylaminobenzenesulfonhydroxamide,! 0.00104 SI; (B) the 
same, 0.00078 SI; (C) the same, 0.00052 M; (D) p-totuenesulfonhydroxamide,) 
0 00104 SI; (E) p-eaproylaminobenzenesulfonamide,| 0.00078 SI; (S’) sulfanil 
amide, 0.00052 SI; (G) the same, 0.00023 SI. Inhibition is expressed as the 
difference between the number of generations produced per hour in a control culture 
(Ne) and in a culture containing the compound added (Six) over the intervals 
1.5-2,25, 2.25-3,25, 3.25-5.0, and 5.0-10.0 hr. The values are plotted at the mid- point 
of the interval concerned. Cultures were inoculated at 0 hours and the compounds 

added at 1.5 hr (arrow). 

J^p^d^tedusthrougli tltcconrtesy of Dr. Maurice Moore of Sharp and Dohrne, 

Inc. 
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Bioassay of Water-Soluble Antihemorrhagic Compounds by 
Intravenous Administration.* 


D. Riciiert, Sidney A. Thay’er, R. W. McKee, S. B. Binkley’ 
and Edward A. Doisy. 

From the Department of Biochemistry, St. Louis University School of Medicine, 

St. Louis. 

Since the natural vitamin K compounds are not soluble in water 
and in many cases superior therapy could be attained by intravenous 
administration, several different water-soluble antihemorrhagic 
compounds have been prepared. (Almquist and Klose; 1 Thayer, 
ct al.~ Fieser and Fry; 3 Foster, ct til.? and Ansbacher. ct til:'). 

Supplementing our previous reports (Thayer, ct ol.), a we have 
assayed 2-methyl- 1,4-naphthoquinone and several closely related 
water-soluble compounds by different methods in order to determine 
their respective potencies. Originally our products for assay were 
administered orally but recently the realization that the potencies by 
parenteral administration might be very different has led us to 
employ intravenous injection. Compounds which are active orally 
might be inactive parenterally due to their avoidance of the enzymes 
of the gastro-intestinal tract or to their too rapid excretion by the 
kidneys. 

The potencies have been estimated from a comparison of the 
effects of the compounds under investigation and 2-methyl-l,4- 
naphthoquinone on the, (1) mean prothrombin time, (21 mean 
clotting time, and, (3) percentage of positive responses. 7 Each 

* We wisli to acknowledge financial assistance from the Theclin Fund adminis- 
tered by the Committee on Grants for Research of St. Louis University. 

i Almquist, II. J., and Klose, A. A., J. .-lm. Ciicm. Soc., 1939, 01, loll. 

- Thayer, S. A., Binkley, S. B., MaeCorquodale, D. W., Doisy, E. A., Emmett, 
A. D., Brown, It. A., and Bird, O. D., J. Am. CUem. Soc., 1939, 01, 2503; Doisy, 
E. A., MaeCorquodale, D. W., Thayer, S. A., Binkley, S. B., and McKee, It. W., 
Sri, nec, 1939, 00, 407. 

a Fieser, L. F., and Fry, E. W., J. Jm. CVicm. Soc., 10 40, 02, 228. 

l Foster, R. II. K., Lee, J., and Solmsscn, U. V., Jm. Ciicm. Soc., 1940, 
02, 433. 

5 Ansbacher, S„ Fernholz, E., and Dnllher, M. A., Pnoc. Soc. Ext*. Biol and 
Med., 1940, 12, 032. 

0 Thayer, S. A., Cheney, L. t\, Binkley, S. B., MaeCorquodale, D. W., and 
Doisy, E. A., .7. Jm. Chcm. Soc., 1939, 01, 1932. 

7 Thayer, S. A., McKee, It. W., Binkley, S. B., MaeCorquodale, D. W., and 
Doisy, E. A., Pitoc. Soc, Ex c. Biol and Med., 1939, -11, 194. 
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table i. 

Deacylation of jJ-Caproylaminobenzenesulfonhydroxamide and p-Caproylamino- 
beuzenesulfonamide in Broth and Defibrinated Babbit Blood at 39.5°C. 


A B 


Hr 

% deacylation 
in broth 
pH 7 .4 

% 

deacylation 
in blood 

nig% 

sulfanilamide 
equivalent 
in blood 

% 

deacylation 
in blood 

mg% 

sulfanilamide 
equivalent 
in blood 

0 

1.3 

O.S 

0.1 

0.4 

0.05 

0.75 

— 

3.6 

0.5 

4.1 

0.5 

1.75 

— 

5.8 

O.S 

7.5 

1.0 

3.50 

1.3 

10.8 

1.5 

1S.0 

2.7 

6.75 

— 

15.7 

2.1 

32.0 

4.3 

24.00 

— 

29.8 

4.0 

76.0 

10.2 


A. p-caproylanlinobenzeuesulfonbydroxamide 0.0007S M. 

B. p-caproylaminobenzenesulfonauiide 0 . 00078 Af. 


Discussion. />-Caproylaminobenzenesulfonhydroxamide appears 
to represent an approach to that hypothetical compound which shall 
be “preformed” in the sense of possessing the group or groups neces- 
sary to bacteriostatic activity which are normally formed by the 
micro-organism itself. That the present compound is not ideal is 
demonstrated by the transient nature of the powerful early effect. 
The demonstration of two successive activities arising from the 
same molecule opens interesting fields of speculation and experi- 
ment regarding future objectives in the production of better thera- 
peutic agents. 

Summary. />-Caproylaminobenzenesulfonhydroxamide produces 
bacteriostasis of pneumococci in blood without the lag characteristic 
of sulfanilamide. The activity is only about one-eighth of the 
corresponding bacteriostatic power in broth. That the immediate 
nature of the effect is due to the hydroxamide group was demon- 
strated by the use of />-toluenesulfonhydroxamide in which the po- 
tentially active />-amino group is absent. The effect of the hydrox- 
amide group is transient in nature. A second period of bacterio- 
static activity manifested by />-caproylaminobenzenesulfonhydrox- 
amide is probably due to the free amino group formed by deacyla- 
tion of the caproylamino group. 
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and Edward A. Doisy. 

From the Department of Biochemistry, St. Louis University School of Medicine, 
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Since the natural vitamin K compounds are not soluble in water 
and in man)- cases superior therapy could be attained by intravenous 
administration, several different water-soluble antihemorrhagic 
compounds have been prepared. (Almquist and Klose; 1 Thayer, 
ct al Fieser and Fry; 3 Foster, ct ul., 4 and Ansbacher. ct al:’). 

Supplementing our previous reports (Thayer, ct al.), 0 we have 
assayed 2-methyl-l, 4-naphthoquinone and several closely related 
water-soluble compounds by different methods in order to determine 
their respective potencies. Originally our products for assay were 
administered orally but recently the realization that the potencies by 
parenteral administration might be very different has led us to 
employ intravenous injection. Compounds which are active orally 
might be inactive parenterally due to their avoidance of the enzymes 
of the gastro-intestinal tract or to their too rapid excretion by the 
kidneys. 

The potencies have been estimated from a comparison of the 
effects of the compounds under investigation and 2-methyl- 1,4- 
naphthoquinone on the, (1) mean prothrombin time, ( 2 ) mean 
clotting time, and, (3) percentage of positive responses. 7 Each 

* We wish to acknowledge financial assistance from the Thcelin Fund adminis- 
tered by the Committee on Grants for Research of St. Louis University, 
i Almquist, H. J., and Klose, A. A., J. Am. Cliem. Sac., 1939, (51, 1G11. 

Thayer. S. A., Binkley, S. B., MacCorquodale, D. W., Doisy, E. A., Emmett, 
A. D., Broun, R. A., and Bird, O. D., J. A m. Che in. Soc., 1939, 01, 2363; Doisy, 
E. A., MacCorquodale, D. W., Thayer, S. A., Binkley, $. B., and McKee, It. W., 
Sri i nrr, 1939, 90, 407. 

a Fieser, L. F., and Fry, E. W., J. Am. Client. Sac., 1940, 02. 22S. 

5 Foster, R. II. K., Lee, J., and Solmssen, U. V., J. Jin. Client. Sue., 1940, 
02, 433. 

a Ansbacher, S., Fernliolz, E., and Dollirer, M. A., Pp.oc. Soc. Exp. Biol, and 
Mfj>„ 1940, 43, 632. 

« Thayer, S. A., Cheney, L. C„ Binkley, S. B., MacCorquodale, D. W., and 
Doisy, E. A., J. .Im. Cliem. Soc., 1939, 01. 1932. 

7 Thayer, S. A., McKee, R. \\\, Binkley, S. B., MacCorquodale, D. W., ami 
Doisv, E. A., Fitoc. Poe. Exp. Biol, and Mld., 1939, 41, 194. 
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assay has been controlled by an accompanying assay of a standard 
substance (usually 2-methyl-l, 4-naphthoquinone) on the same lot 
of deficient chicks to eliminate the variation in deficiency found in 
different groups of chicks. 

The basal diet used in all of our experiments is the one described 
by Almquist. 

Assays — The compounds were dissolved in 0.85% NaCl solu- 
tion. The chicks were slightly anesthetized with ether and the 
solution was injected directly into the jugular vein of the chick 
(0.1 cc of solution). Bleeding was minimized by the use of a fine 
needle (27 gauge) and by entering the vein through the subcutaneous 
tissues. Eighteen hours after the injection blood was drawn from 
the brachial vein into a small tube (micro test tube of Fischer) s 
and placed at once in a thermostat adjusted to 3S.5-39.5°C and 
the time for coagulation determined. The chick’s head was clipped 
off with scissors and l.S cc of blood collected in a vial containing 
0.20 cc of 0.1 M sodium oxalate solution. The method of Almquist 
and Klose 0 was used for determining prothrombin time. 

Early in our work on Vitamin K, we realized that the variability 
of the degree of deficiency of different lots of chicks (see values for 
the controls Table I) could produce gross inaccuracies in the bio- 
assay. Originally we standardized the deficiency of each lot of 
chicks by determining the response to 2 different dosages of a stock 
solution which had been obtained from alfalfa. Later, 2 we suggested 
the adoption of pure crystalline 2-methyl-l, 4-naphthoquinone as 
the basic standard. The variability of the response of these lots of 
chicks (1,3 and 6) to the administration of 0.96 pg of 2-methyl-l, 
4-naphthoquinone (Table I) emphasizes the necessity of ascertain- 
ing the response of each lot of chicks to a standard. 

On a weight basis, 1.4-dihydroxy-2-methylnaphthalene mono- 
succinate. 4-amino-2-methyl-l-naphthol and 4-amino-3-methvl-l- 
naphthol administered intravenously are. perhaps, slightlv less 
active than 2-methyl-l. 4-naphthoquinone; on a molar basis all are 
fully as active. The potency of the disulfate on a weight basis is 
somewhat less than one-sixth and on a molecular basis approximated 
one-third that of 2-methyl-l, 4-naphthoquinone. 

Summary. Using intravenous administration it has been found 
that on a molecular basis the potencies of all the compounds with 

S Fischer, A., Pfluycr’s .Irc/i. pes. Physiol., 1930, 223, 737. 

» Almquist, H. J„ ami Klose, A. A., Biochem. ./., 1939, 33, 10.73. 
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the exception of the disulfate are approximately equal to that of the 
standard, 2-methyl- 1,4-naphthoquinone. The disulfate is about one- 
third as potent on a molecular basis, but owing to the much 
larger molecular weight its activity per milligram is somewhat less 
than one-sixth that of 2-methyl-l, 4-naphthoquinone. 
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Riboflavin Determinations on Normal Liver and Liver Tumor. 

Herbert ICahler and Everett F. Davis. (Introduced by Carl 

Voegtlin.) 


From the National Cancer Institute, V. S. Public Health Service. 


It was decided to use a fluorometric method in making quantitative 
estimations of riboflavin from fresh liver tissue after several checks 
had been run against the Snell and Strong method.* The fluoro- 
metric method here used is first to determine the total fluorescence, 
then eliminate the riboflavin by raising the alkalinity to pH 1 1 and 
determining the “interfering” fluorescence. The difference between 
these two values gives the approximate riboflavin value. The 
fluorescence was measured with a photocell using suitable optical 
filters. 

Liver tumors from Osboru-Mendel rats which had been fed 
2-amino 5-azo toluene for a long period were used. These animals 
were kindly put at our disposal by Dr. E. Emmart. Samples of liver 
which had been perfused with saline were ground with n/10 HC1, 
autoclaved for 15 min. and clarified by precipitation at pH 5-6, fol- 
lowed by filtering through No. 42 paper. Recovery of added ribo- 
flavin was about 97% by this fluorometric method. 

Some of the material was given a short low temperature drying by 
the lyophile process eliminating most of the water. The data in the 
tables indicate that the difference between normal and tumor liver is 
not due to water content. 

Comparisons were made between normal livers from normal rats, 
nontumor bearing liver from dye-fed rats, liver tumors from dye-fed 
rats, residual liver from which the tumor had been excised, fetal liver, 
and leg muscle. In the case of a general riboflavin deficiency it would 
be expected that lower riboflavin values for the muscle would be ob- 

Tjjade by Drs. Isbell and Wooley of the National Institute of Health. 
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the exception of the disulfate are approximately equal to that of the 
standard, 2-methyl- 1,4-naphthoquinone. The disulfate is about one- 
third as potent on a molecular basis, but owing to the much 
larger molecular weight its activity per milligram is somewhat less 
than one-sixth that of 2-niethyl- 1,4-naphthoquinone. 
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the lyophile process eliminating most of the water. The data in the 
tables indicate that the difference between normal and tumor liver is 
not due to water content. 

Comparisons were made between normal livers from normal rats, 
nontumor bearing liver from dye- fed rats, liver tumors from dye-fed 
rats, residual liver from which the tumor had been excised, fetal liver, 
and leg muscle. In the case of a general riboflavin deficiency it would 
be expected that lower riboflavin values for the muscle would be ob- 

*~Made by Drs. Isbell and Wooley of the National Institute of Health. 
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TABLE I. 


Riboflavin Concent ration in llicrograms per Gram or Fresh Tissue. 


Bat No. 

Histologic 
diagnosis on liver 

v/g 

r ‘ > 

Liver 

Tumor residue 

Leg muscle, 
v/g 

1 

Tumor (no diagnosis) 

S 

16 


O 

)? > ? ? I 

12 

15 


3 

Carcinoma 

11 

15 


4 

Pooled carcinoma, hepatoma 16 

16 


5* 

Carcinoma. Region f A 

15.7 


2.52 


i B 

13.2 




(C 

18.6 



6* 

Hepatoma 

J J 

19.2 

20.7 


7 

21.3 

21.3 


8 

j y 

16.9 

24.7 


9 

’ ’ . carcinoma 

oo o 

22.2 

2.S0 

10 

’ ’ , cirrhosis 

25.7 

29.S 

2.95 

11 

’ ’ , carcinoma 




- 

- cirrhosis 

26.S 

27.95 

2.56 

Dve fed; no tumors 

v/g 



12 

Cirrhosis 

26.14 


2.1 

13 

f> (slight) 

27.84 


2.9 

14 

» > IT 

29.S 


3.3 

15 

? > 

31.04 



16 

> y 

34.0 


2.1 

17 

Essentially normal 

35.7 



Normal rats, normal diet 




IS 

Normal 

25.0 



19 


25.5 



20 


25.S5 



21 


2S.6 



22 


30. S 



23 


30.9 



24 


39.0 



25 

Normal fetal liver 

4 .i 



26 

> T y y yy 

6.3 



’'Large amount of blood in tissue. 





TABLE II. 



Riboflavin Concentration in ilicrograms per Gram of Dried Tissue. 





v/g 




v/g 

wet wt 

Rat No. 

Histology 


dry irf 

(calc.) 

27, 2S 

Pooled material, carcinoma 



29, 30 

and hepatoma 


5S.9 

14.9 

31 

Pooled hepatoma, carcinoma 




and cirrhotic liver 


59.4 

15.0 

32 

Normal 


106.6 

29.0 

33 



106.S 

29.0 

tained. 

A value of 1.4 y is reported 1 tor adult rat muscle on a de- 

ficient diet. 





i Fraser, H., Topping, X., and Isbell* EL. Public Health Pep., 1940, 55, 239. 
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In the absence of any other criteria the estimation of “malignancy” 
was based solely on histologic grounds. The term hepatoma was used 
to denote growths which reproduced the normal liver structure so 
closely that there was no histologic indication of “malignancy”. On 
the other hand certain of these tumors manifested such extreme 
degrees of deviation from normal liver cell structure and architecture 
that they were termed carcinomas to denote their malignant histologic 
appearance. 

The following conclusions may be drawn from these results: 

1. The average value for normal and cirrhotic livers of 30.1 y 
(age 256 to 550 days) agrees with Fraser, Topping and Isbell's 1 
values for considerably younger rats of 33 y (age 130 days). 

2. Continuously dye fed rats with cirrhosis not developing gross 
tumors gave normal riboflavin content for liver. 

3. Livers in which tumors had developed gave a lower value 
per gram of fresh tumor tissue and per gram of residual tissue than 
normal liver. 

4. On the basis of lyophilized dry weight normal liver is con- 
siderably higher in riboflavin concentration than tumor material. 

5. The muscle values indicate that the animal is not suffering 
from a general riboflavin deficiency. 

These results are consistent with the earlier findings 2 that lactic 
acid accumulates in various tumors especially following large sugar 
injections. According to current views 3 pyruvic acid which is 
formed from sugar break down is normally oxidized to C0 2 and 
FLO through molecular oxygen and the flavoprotein-cytochrome 
enzymes. With a deficient oxygen and/or enzyme concentration 
the pyruvic acid is converted to lactic acid giving tumors a low pH. 
In this connection see the recent finding of low coenzyme in tumor 4 
and the high ratio of reduced to oxidized cozymase in Jensen sar- 
coma. 5 

The histologic diagnoses were made by Drs. H. L. Stewart and 
Hugh G. Grady. 

2 Voegtlin, C., Pitch, R., Kalilcr, H., Johnson, J. M., and Thompson, J. W., 
Nat. Inst. Bcalih Bull., No. 164, 1935. 

3 Eric Bail, Johns Hopkins Hasp. Bull., 1939, 65, 253. 

■J Bernheim, F., and Felsovanyi, A. V., Science, 1940, 01, 76. 

5 Euler, H- V., Sehlenk, F., Heiwinkel, H., and Hogherg, B., Z. f. physiol. 
C'/icm., 1938, 256, 208. 
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Absorption of Water-Soluble Vitamin K from Intestinal Tract.* y 

E. D. Warner and Joseph E. Flynn. 

Fro m the Department of Pathology, State University of Iowa, Iowa City, Iowa. 

Bile salts are known to be essential for the absorption of fat- 
soluble forms of vitamin K from the intestinal tract, but it is not 
known whether they are of benefit in the absorption of the water- 
soluble forms. To obtain data regarding this, we have used bile- 
obstructed rats in which the vitamin K reserves were depleted pre- 
operatively by the technic previously reported from this labora- 
tory. 1 After ligation of the bile duct, the animals were placed on 
a diet 2 from which vitamin K was still more rigidly excluded. 
Within 3-4 days the prothrombin level falls into the bleeding zone. 
The subsequent rise in prothrombin, following the oral administra- 
tion of vitamin K, was used as a measure of the extent to which 
the vitamin is utilized, either with or without supplements of bile 
salts. 

Prothrombin determinations were made by the 2-stage technic 
of Warner, Brinkhous, and Smith; 3,4 bile salts (1 cc of 3% sodium 
taurocholate) and vitamin K were given through a metal tube into 
the stomach. As a source of water-soluble vitamin K, we used the 
potassium salt of the disulfuric acid ester of 2-methyl- 1,4-naphtho- 
hydroquinone. Since this work was initiated the sodium salt of 
this compound was described by Fieser. 5 It is apparently somewhat 
less potent 8 than 2-methyl-l, 4-naphthoquinone, when the two 

* Aided by a grant from the John and Mary B. Markle Foundation. Funds 
for assistance were also supplied by the Graduate College, State University of Iowa. 

i The potassium salt of the disulfuric acid ester of 2-methyl-l, 4-uaphtholiydro- 
quinone, used in these experiments, was prepared in November, 1939, as a part of a 
cooperative program in which a series of compounds of this type was synthesized 
by George H. Coleman, J. J. Carnes and D. W. Kaiser of the Department of 
Chemistry, State University of Iowa. 

i Flynn, Joseph E., and Warner, E. D., Proc. Soc. Exp. Biol, and Med., 1940, 
43, 190. 

- Tidrick, Robert T., Joyce, Frank T., and Smith, H. P., Proc. Soc. Exp. Biol, 
and Med., 1939, 42, 853. 

3 Warner, E. D., Brinkhous, K. M., and Smith, H. P., Am . J. Physiol., 1930, 
114 , 667. 

4 Smith, H. P., Warner, E. D., and Brinkhous, K. M., J. Exp. Med,, 1937, 
OC, 801. 

a Fieser, L. F., and Fry, E. M., J. Am. Chem . Soc., 1940, 02, 22S. 

® Ansbaeher, S., Fernholz, E., and Dilliver. M. A., Prop. Soc. Exp. Bjol. and 
Med., 1940, 43, 652. 
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table I. 

Response of Bats* to a Water-soluble Form of Vitamin K. 


Prothrombin levels (% of normal) 


' 2 y of 

Days of vitamin 

treatment daily 

5 y of 
vitamin 
daily 

4 

8 y of 
vitamin 
daily 

0 

Results with vitamin 
24 

K plus bile salts. 
1!) 

17 

1 

14 

52 

57 

O 

deadt 

52 

7S 


10G 

Results with vitamin K but without bile salts. 

0 

15 

12 

29 

1 

14 

1G 

50 

o 

15 

38 

8G 

3 


55 

— 

4 


GS 

91 


* Albino rats weighing 200 to 300 g. 
t Autopsy showed extensive intraiibdominal hemorrhage. 


compounds are compared on a molar basis. Our own experience 
indicates that the compound is non-toxic when given orally to rats in 
doses 100 times the physiological requirements. 

Results. Table i shows typical examples of the response of K- 
deficient rats following administration of daily doses of 2, 5 and 
8 <ug of the water-soluble compound. It is readily seen that bile 
salt did not appreciably modify the therapeutic efficacy of the vita- 
min. At the level of 2 pg, the prothrombin level remained in the 
bleeding zone. At the level of 5 pg, the recovery was 35-70% com- 
plete, both with and without bile salt, and with daily doses of 8 /*g 
the prothrombin rose above the 75% level. 

When fat-soluble forms of vitamin K are administered to man, 
the danger always exists that the dose of bile salt will not be ade- 
quate in amount, or that the bile salt may not mingle properly with 
the vitamin following dissolution of the capsules. The oral admin- 
istration of water-soluble vitamin K, if effective in man, will elimi- 
nate this problem. It will also eliminate much of the nausea and 
vomiting produced by the bile supplements. It is obvious that when 
the acute phase of the disease subsides, bile salt should then be given 
to enable absorption of the many fat-soluble components of the diet. 
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Effect of Vitamin K on Hypoprothrombinemia of Experimental 

Liver Injury.* 

K. M. Brinkhous axd E. D. Warner. 

From the Department of Pathology, State University of Iowa, Iowa City. 

It has been shown that the plasma prothrombin level declines when 
the liver is injured 1 ' 2,3 or when it is excised, either in part 4 or in 
toto}’ 6 Hypoprothrombinemia develops also with vitamin K 
deficiency. In man, the two factors are often combined and the 
response to vitamin K is commonly incomplete. In such patients, 
the extent to which vitamin K compensates for the liver injury, if at 
all, is difficult to determine. To study this question further, we 
have performed experiments to determine the influence of vitamin 
K in excess on the hypoprothrombinemia which develops following 
liver injury alone. 

Liver injury was produced in dogs (10-15 kg) by repeated ad- 
ministration of small doses of chloroform, as described previously. 2 
In each experiment, 2 dogs of the same weight were given identical 
diets (mixed table scraps) and identical doses of chloroform. In 
addition, one of the animals of each pair received a daily vitamin K 
supplement consisting of the petroleum ether extract of 200 g 
alfalfa meal, emulsified in 30 cc of 2 t /c solution of Wilson’s bile salt. 
Plasma prothrombin determinations were made by the method of 
Warner, Brinkhous and Smith. 1,2 

Almost identical results were obtained in each of the 4 experi- 
ments performed. Chart 1 shows a typical experiment. It is seen 
that the administration of vitamin K failed to modify in any way, 
either the fall in prothrombin with chloroform administration or 
the rise in prothrombin during the recovery period. 

In another experiment the daily vitamin supplement was started 

* Aided by a grant from the John and Mary R. Markle Foundation. Funds for 
technical assistance were supplied by the Graduate College, State University of 
Iowa. 

I Warner, E. D., Brinkhous, K. it., and Smith, H. P., Am. J. Physiol., 1930, ‘ 
114, 067. 

- Smith, H. P., Warner, E. D., and Brinkhous, K. M., J. Exp. lied., 1937, 

<;u. soi. 

3 Quick, A. J., J. A. Jf. A., 193S, 110, 165S. 

l Warner, E. D-, J. Exp. Med., 193S, 08, S31. 

3 Warren, R., and Rhoads, J. E., Am. J. Med. Sci., 1939, 198. 193. 

« Andrus, W. D., Lord, J. W., and Moore, R. A., Surgery, 1939, 0, S99. 



610 


Vitamin K and Liver Injury 



I 3 5 7 9 II 13 IS 17 19 21 22 25 


DAYS 
Chart 1. 

The consecutive daily doses of chloroform given during the lS-dav period of 
chloroform administration were 2, 2, 3, 2, 3, 2, 3, 3Yj, 3%, iVe, 5 , 5, 4, 5, 6, 0, 7 
and (i ee. 

one week prior to the beginning of chloroform administration. This 
procedure likewise had no demonstrable effect on the fall in plasma 
prothrombin. 

It is suggested that when vitamin IC deficiency and liver injury 
are both present, as in many patients, administration of the vitamin 
may correct the former, but one cannot expect that an excess of the 
vitamin will compensate for the element of liver injury. 

Summary. The hypoprothrombinemia, which develops following 
liver injury (chronic chloroform intoxication), is not influenced by 
vitamin IC administration. 
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Study o£ Certain Tissue Lipids in Generalized Lipodystrophy 
(“Lipohistiodiaresis”) .* 

Arild E. Haxsex axd Irvxxe McQuarrie. 

From the Department of Pediatrics, University of Minnesota, Minneapolis. 

An unusual opportunity to study the lipid composition of various . 
tissues in an extremely rare condition, that of generalized lipo- 
dystrophy, was offered when death occurred in a 9-year-old boy in 
whom an almost complete absence of adipose tissue from the body 
had been present for the past 6 years (Case 1). In addition to this 
remarkable apparent lack of body fat, the symptom complex was 
composed of cirrhosis of the liver, chronic fibrosis of the spleen, 
pancreas and certain lymph nodes, and diabetes mellitus. Necropsy 
was begun within one hour following demise, at which time samples 
of various tissues were obtained. After being weighed, the speci- 
mens (usually about 1 g of tissue) were placed in 95% alcohol and 
allowed to stand for 24 hours. The tissues were then ground with 
sea sand in a mortar, rinsed several times with alcohol and ether, 
returned to the original flasks, and sufficient ether added to make 
approximately a 3:1 alcohol-ether mixture. The flasks were im- 
mersed in a boiling water bath for about 5 minutes and allowed to 
cool; the contents were filtered through fat-free filter paper into 
volumetric flasks, brought to volume, and stored in a refrigerator 
until analyses were made. Aliquots were measured and the fol- 
lowing procedures employed: The method of Wilson and Hansen 1 
was used for the determination of the unsaponifiable and saponi- 
fiable fractions, while the technic followed by Hansen 2 was used 
for the determination of the fatty acids in the acetone-insoluble 
(phospholipid) fraction and the acetone-soluble (cholesterol ester- 
neutral fat) fraction. The total cholesterol and cholesterol esters 
were determined by the procedure described by Bloor, 3 ’ 1 the photo- 
electric colorimeter being used in obtaining the final readings. For 
the control studies, similar tissues from a 14-year-old boy dying in 

* Aided by grants from Mead Johnson and Company and the Medical Graduate 
Research Fund of the University of Minnesota. 

l Wilson, Wm. R., and Hansen, Arild E., J. Biot. Chem., 1936, 112, 437. 

~ Hansen, Arild E., Paoc. Soc. Exp. Biol, axd Med., 1939. 40, 376. 

3 Bloor, W. R., J. Biol. Chem., 1916, 24. 227. 

4 Bloor, W. R,, and Knudson, A., J. Biol. Chem.. 1916, 27, 107. 
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Chart 1. 


Tito consecutive daily doses of chloroform ghen during the IS-dav period of 
eliloioform administration ueie 2, 2, 3, 2, 3, 2, 3, 3 J /j, 3%, 4 3 /i- o, o, 4, o, 0, 0, 7 
and 6 ec. 

one week prior to the beginning of chloroform administration. This 
procedure likewise had no demonstrable effect on the fall in plasma 
protluombin. 

It is suggested that when vitamin K deficiency and liver injury 
are both present, as in many patients, administration of the vitamin 
may correct the former, but one cannot expect that an excess of the 
vitamin will compensate for the element of liver injury. 

Summary. The hypoprothrombinemia, which develops following 
liver injury (chronic chloroform intoxication), is not influenced by 
vitamin K administration. 
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total fatty add values of the skin in Case 1 are greatly diminished 
when compared with those of the control subject (Case 2). In 
spite of the great difference in the amount of fat present in this 
tissue, we find that the qualitative characteristics of the fatty acids 
as regards average molecular weight and average iodine number 
are practically the same in both instances. 

That there is a definite lack of fatty acids in these tissues be- 
comes even more striking when we consider the calculated values 
for the neutral fatty acids. These calculations disclose that the 
approximate values for the neutral fat fatty acids in the hepatic 
tissue of our controt subject (Case 2) are 5 times that of those 
for the child with the generalized lipodystrophy, while those in the 
skin are 50 times that of those in Case 1. Even more striking is 
the finding that the tissues in the perirenal region of Case 2 con- 
tained almost 400 times as much neutral fat as those in Case 1. 
From these data, it appears that there is a marked lack of fatty 
material in the body of the child with generalized lipodystrophy, 
which confirms the clinical and pathological (gross and micro- 
scopic) diagnosis. Further, we may conclude that this deficiency 
apparently is specifically due to a lack of neutral fat fatty acids 
from the various tissues studied. The name “Iipohistiodiaresis” 
(lack of fat in the tissues) has been suggested to describe this phase 
of the condition. 
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Increased Serum Phosphatase Activity Without Hyperbilirubin- 
emia after Ligation of Hepatic Ducts in Dogs. 

Alexander B. Gutman, Bruce M. Hogg and Kenneth B. 

Olson.* 

From the Departments of Medicine and Surgery, College of Physicians and Sur- 
geons, Columbia University, ami the Presbyterian Hospital, New York City. 

In man with complete obstruction of the common bile duct, 
hyperbilirubinemia is associated with markedly increased phospha- 
tase activity of the serum. When obstruction of the common duct 
is incomplete (as frequently in choiedocholithiasis, cholangeitis) or 
in intrahepatic biliary tract obstruction (hepatic metastases, etc.), 
little or no jaundice may result but the serum phosphatase is usually 

* Supported in part by a grant from the Josiah Macv, Jr., Foundation. 
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Tissue Lipids in Lipodystrophy 


table i. 

Lipid Composition of Various Tissues in Child with Generalized Lipodystrophy 
(Case I — P.Z.) and in Child with Subacute Nephritis (Case 2 — G C,). 



Perirenal 

Subcutaneous 

Liver 


Skin 

Lipid fraction 

Case 1 Case 2 

Case 2 

/ 

C (iso X 

> 

Case 2 

'k 

Case 1 Case 2 

Unsap. fraction* 

450 002 

091 

1,197 

015 

30(5 

316 

Total fatty acids 

Sap.* 

432 44,(510 

51,144 

1,400 

3,15(5 

340 

10,025 

M 

202 — 

279 

204 

290 

2 70 

274 

I,N. 

102 02 

60 

107 

102 

0 8 

(54 

Acet. Sol, F. A. 

Sap.* 

214 30,075 

50,076 

007 

1,498 

2S1 

209 

10,034 

MAV. 

208 274 

278 

293 

— 

274 

I.N. 

80 00 

05 

S3 

74 

OS 

154: 

Aeet. Insol. F.A. 

Sap.* 

244 )00 

300 

797 

3,599 

127 

2(50 

M.W. 

204 — 

— 

301 

290 

— 

— 

i.y. 

127 — 

— 

123 

121 



Cholesterol 

Total* 

200 242 



S93 

35(5 

102 

102 

Ester* 

S3 104 

— 

329 

77 

29 

S3 

Neutral Fat F. A.* 130 44,320 

50,000 

3(50 

1,500 

190 

10,010 

(Calc.) 

'Expressed in 

mg per 100 g wet tissue. 






uremia from subacute nephritis (Case 2), the best available ma- 
terial at the time, were used. 

The results are summarized in Table I. 

It is readily apparent from inspection of the data in Table I that 
the total fatty acids of the various tissues are distinctly less in the 
child with the generalized lipodystrophy (Case 1) than in the con- 
trol subject (Case 2). In the perirenal tissues, the unsaponifiable 
fraction and the cholesterol esters are also less in Case I, while the 
values for the acetone-insoluble (phospholipid) fatty acids are 
essentially the same in both cases. As regards the subcutaneous 
material, it was impossible to find any adipose tissue in Case 1 
which was suitable for analysis. In the liver, the value for the total 
fatty acids in Case 1 is hut one-half that of Case 2, while the un- 
sap oniHable fraction as well as the total cholesterol and cholesterol 
ester values are higher in this child with lipodystrophy. The 
acetone-insoluble (phospholipid) fatty acids in this tissue are 
definitely less in Case 1. As regards the skin, it is interesting to 
note that the values for the unsaponifiable fraction, total cholesterol, 
cholesterol esters, and the acetone-insoluble (phospholipid) fatty 
acids are essentially the same in both cases. On the other hand the 
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total fatty acid values of the skin in Case 1 are greatly diminished 
when compared with those of the control subject (Case 2). In 
spite of the great difference in the amount of fat present in this 
tissue, we find that the qualitative characteristics of the fatty acids 
as regards average molecular weight and average iodine number 
are practically the same in both instances. 

That there is a definite lack of fatty acids in these tissues be- 
comes even more striking when we consider the calculated values 
for the neutral fatty acids. These calculations disclose that the 
approximate values for the neutral fat fatty acids in the hepatic 
tissue of our control subject (Case 2) are 5 times that of those 
for the child with the generalized lipodystrophy, while those in the 
skin are 50 times that of those in Case 1. Even more striking is 
the finding that the tissues in the perirenal region of Case 2 con- 
tained almost 400 times as much neutral fat as those in Case 1. 
From these data, it appears that there is a marked lack of fatty 
material in the body of the child with generalized lipodystrophy, 
which confirms the clinical and pathological (gross and micro- 
scopic) diagnosis. Further, we may conclude that this deficiency 
apparently is specifically due to a lack of neutral fat fatty acids 
from the various tissues studied. The name “lipohistiodiaresis” 
(lack of fat in the tissues) has been suggested to describe this phase 
of the condition. 
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Increased Serum Phosphatase Activity Without Hyperbilirubin- 
emia after Ligation of Hepatic Ducts in Dogs. 

Alexander B. Gutman, Bruce M. Hogg and Kenneth B. 

Olson.* 

From the Departments of Medicine and Surgery, College of Physicians and Sur- 
geons, Columbia University, and the Presbyterian Hospital, Hew Tori- City. 


In man with complete obstruction of the common bile duct, 
hyperbilirubinemia is associated with markedly increased phospha- 
tase activity of the serum. When obstruction of the common duct 
is incomplete (as frequently in choledocholithiasis, cholangeitis) or 
in intrahepatic biliary tract obstruction (hepatic metastases, etc.), 
little or no jaundice may result but the serum phosphatase is usually 


* Supported in part by a grant from the Josiah Macy, Jr., Foundation. 




Serum Phosphatase xx Biliary Obstruction 


615 


and Armstrong method) and bile. The animals were sacrificed 
after 4-9 weeks and the presence of intact ligatures with dilatation 
of the proximal hepatic ducts verified at postmortem. 

Control preoperative serum and urine analyses were obtained. 
Nembutal anesthesia was found not to affect serum phosphatase 
values. Urine samples were obtained by catheter to avoid con- 
tamination with phosphatase- and bile-rich feces. 

Results. The serum phosphatase activity increased within 24 
hours after operation to reach 5-20-fold levels in 4 days and a peak 
usually between the first and second week; the maximum level 
varying with the number of hepatic ducts ligated. A spontaneous 
decline followed, with return to approximately normal levels after 
some 2 months. A roughly parallel rise in the total cholesterol 
content ot the serum was noted though the return to normal was 
more rapid. No significant increase in serum bilirubin occurred 
except a transient rise to 0.5 mg % on the fourth day in Dogs 1 
and 3. Bile pigments appeared in the urine within 24 hours after 
operation and persisted for many weeks, gradually decreasing in 
amount. Significant “alkaline” phosphatase activity was not present 
in any urine specimens with the exception of small amounts in the 
urine of Dog 3. At postmortem, the liver lobes tied off appeared to 
be normal grossly and showed only slight changes histologically. 

Discussion. It is not clear whether the dissociation of serum 
phosphatase and bilirubin levels observed clinically with incomplete 
biliary obstruction and reproduced in these experiments should be 
regarded as incompatible with the “phosphatase retention” theory — 
that the increase in serum phosphatase levels in obstructive jaundice 
is due to retention of phosphatase normally excreted in the bile. One 
factor that might cause such dissociation in blood levels following 

TABLE I. 

Phosphatase Activity (P, in Bodausky units/100 cc) and Total Cholesterol (C, in 
mg/100 cc) of the Serum after Ligation of Hepatic Ducts in the Dog. 

Dog 1 Dog 2 Dog 3 Dog 4 

Vi liver ligated % liver ligated % liver ligated % liver ligated 
Time postop. PC PC PC PC 


Pre-op. 

3.7 

120 

4.1 

154 

3.4 

138 

2.8 

176 

1 day 

7.3 

172 







4 ” 

2G.2 

171 

19.6 

182 

61.7 

230 



1 »k 



21.7 

247 



29.4 

235 

liy, >> 

16.9 

192 

22.1 


74.0 

433 



2 u, ” 

11.2 

117 

9.9 

154 

49.1 

268 

25.1 

207 

±'~ ” 

6.8 


6.8 

149 

28.2 


13.4 

205 

3 

4.4 




14.7 

195 

7.8 

169 

7 ” 





9.2 

149 

7.2 


9 





4.3 


3.7 

13S 
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distinctly elevated. In hepatitis (“catarrhal” jaundice), even 
marked hyperbilirubinemia is associated quite regularly with com- 
paratively little rise in serum phosphatase activity. 1 

Corresponding changes in serum phosphatase have been produced 
experimentally in the dog: Ligation with complete obstruction of 
the common bile duct"' 3,1 results in extremely high serum phosphatase 
levels ; hepatitis produced by hepatotoxic drugs' 4,5,0 or by Leptospiral 
inoculation 4 causes increases in serum phosphatase generally consid- 
erably less than those observed after common duct ligation, though 
hyperbilirubinemia may be as marked or more marked.' f 

The dissociation of serum phosphatase and serum bilirubin levels 
observed clinically with incomplete obstruction of the biliary tract 
has been little studied experimentally but was reproduced by Free- 
man, Chen and Ivy 4 in 2 dogs following ligation of hepatic ducts 
draining approximately ]/$ of the liver. Though jaundice did not 
develop, the serum phosphatase rose to 25.8 and 37.9 Bodansky 
units per 100 cc, respectively; in the one instance followed, there 
was a spontaneous, gradual fall to almost normal levels after 2 
months. Confirmatory data are recorded here together with such 
additional studies on the urine as bear upon the interpretation of the 
blood changes. 

Methods. In 4 dogs following nembutal anesthesia, the hepatic 
ducts were identified by aspiration of bile and a variable number 
(draining 1/5, 1/4 or 1/2 of the liver) were tied off with silk. 
Periodic postoperative examinations were made of the serum for 
phosphatase (Bodansky method), total cholesterol (Bloor method) 
and bilirubin, and of the urine for “alkaline” phosphatase (King 

i For references and additional data see Gutman, A. B., Olson, K. B., Gutman, 
E. B., and Flood, C. A., J. Clin. Invest., 1940, 10, 129. 

- Bodansky, A., and Jaffe, H. L., Proc. Soc. Exp. Biol, and AIed., 1934, 31, 
1179. 

3 Armstrong, A. K., King, E. J., and Hariis, R. I., Canad. 31. A. J., 1934, 31, 14. 

4 Freeman, S., Chen, Y. P., and Ivy, A. C., J. Biol. Client., 1938, 124, 79. 

a Armstrong, A. R., and King, E. J., Canad. At, A. J., 1935, 32, 379. 

o Bodansky, A., Enzymolog., 1937, 3, 258. 

t An interesting exception is •m-toluylenediamine jaundice in dogs, which is 
associated ivith very high serum phosphatase and cholesterol values.** This type of 
jaundice, however, appears to be partly hemolytic, partly due to stasis of bile in 
the finer biliary radicles rather than to parenchymal injury." A somewhat analogous 
condition, with high serum phosphatase, is seen clinically in ceitain drug-hyper- 
sensitive cases of post-aisphenamine jaundice, in which liver biopsies show obstruc- 
tion of the intrahepatic biliary tract .3 

TNaunyn, B., Hitt. Grenzgeb. Med. u. Chir., 1919, 31, 537. 

8 Hanger, F. A!., and Gutman, A. B., J. A. M. A., in press. 
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obstruction is not inconsistent with the “phosphatase retention” 
theory. As to whether the increased serum phosphatase is of 
hepatic or osseous origin, our results do not exclude the one or the 
other possibility since occlusion of the excretory biliary channels 
would tend to cause retention of bile constituents of both hepatic 
and extra-hepatic origin. 

Summary. Ligation of hepatic ducts in 4 dogs resulted in in- 
creased phosphatase but not bilirubin in the serum, increased bilirubin 
but not phosphatase in the urine. The dissociation in the blood is 
thought to be due largely to differential renal excretion and to be 
consistent with the “phosphatase retention” theory. 
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Breast Cancer Produced in Male Mice of the C57 (Black) 
Strain of Little. 

Gray H. Twombly. (Introduced by C. P. Rhoads.) 

From Memorial Hospital, New Tori: City. 


Bittner 1 has shown that hybrids from a cross between a mouse 
from a strain having a high incidence of mammary cancer and one 
from a low tumor strain have a high or low incidence of breast 
cancer depending on what type of mother they nurse. If the 
nursing mother comes from the strain having the high incidence of 
spontaneous tumors, a large percentage of the female hybrids will 
develop mammary cancer. If they are nursed, on the other hand, 
by a female from the low tumor strain very few will develop breast 
cancer. Female mice from a high cancer strain nursed by their 
own mothers have a high incidence of mammary cancer while if 
they are foster-nursed by a mouse from a low tumor strain the 
chance that they will develop breast cancer will be materially reduced. 

An attempt was made to confirm this observation on a different 
strain of animals. Mice of the RIII (Paris) strain of Dobrovol- 
skaia Zavadskaia were given to a female of the C57 (black) 
strain of Little to nurse while the young of the latter were given to 
the RIII mother. The RIII females have an incidence of spon- 
taneous mammary cancer of 70% in virgin females. The incidence 
in C 57 black females is less than 1%. The incidence of breast 


l Bittner, J. J., Am. J. Ca., 1939, 35, 90. 
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bile retention would seem to be the differential excretion of bilirubin 
and phosphatase in the urine. 

In iua)i with incomplete obstruction of the biliary tract and there- 
fore only moderate retention of bile, urinary excretion of bile pig- 
ments may increase sufficiently to maintain the patient virtually 
free of jaundice. The human kidney is impermeable to serum 
phosphatase, however, and this difference in available excretory 
channels appears to be partly responsible for the observed disso- 
ciation of serum phosphatase and bilirubin levels. In the dog, the 
blood and urine studies recorded here suggest that the same fac- 
tors are responsible for the analogous dissociation in serum levels. 
By varying the number of hepatic ducts tied off, a positive corre- 
lation between the serum phosphatase level and the degree of ob- 
struction could be demonstrated. The serum phosphatase values in 
our dogs are relatively high as compared with man but this cor- 
responds with the extraordinarily high values in dogs with com- 
plete biliary obstruction ; the serum bilirubin levels are relatively low, 
due to the greater clearance of the dog kidney. In the cat, on the 
other hand, “alkaline” phosphatase as well as bilirubin appears in 
the urine 0 and complete obstruction of the common bile duct re- 
sults in comparatively little rise in either serum phosphatase or 
bilirubin . 10 

Factors other than differential renal excretion may contribute to 
the dissociation of serum phosphatase and bilirubin levels following 
bile retention since their level in the serum represents a quite com- 
plex dynamic equilibrium between the rate of secretion into the 
blood stream and the rate of excretion (by one or more channels), 
metabolism or deposition in the tissues. Though not open to direct 
measurement, the important influence of these latter factors on the 
serum phosphatase level is indicated by the wide range in serum 
phosphatase values in man with complete common duct obstruc- 
tion. 1 ? 

We conclude that the occurrence of increased serum phosphatase 
activity with little or no jaundice following incomplete biliary tract 

9 Flood, C. A., Gutman, E. B., and Gutman, A. B., Am. J. Physiol., 1937, 120, 
696. 

to Cantarow, A., Stewart, H. L., and McCool, S. G., Proc. Soc. Exp. Biol, and 
Med., 1936, 35, 87. 

t We are concerned here only with incomplete biliary obstruction, not with liver 
parenchymal injury as a cause of dissociated blood values. Bodansky has shownO.ll 
that in the latter case there is selective impairment of different liver functions by 
various liepatotoxic drugs. 

h Bodansky, A., Proc. Soc. Exp. Biol, and Med., 1939, 42, 800. 
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obstruction is not inconsistent with the “phosphatase retention ' 
theory. As to whether the increased serum phosphatase is of 
hepatic or osseous origin, our results do not exclude the one or the 
other possibility since occlusion of the excretory biliary channels 
would tend to cause retention of bile constituents of both hepatic 
and extra-hepatic origin. 

Summary. Ligation of hepatic ducts in 4 dogs resulted in in- 
creased phosphatase but not bilirubin in the serum, increased bilirubin 
but not phosphatase in the urine. The dissociation in the blood is 
thought to be due largely to differential renal excretion and to be 
consistent with the “phosphatase retention” theory. 
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Breast Cancer Produced in Male Mice of the C57 (Black) 
Strain of Little. 

Gray H. Twombly. (Introduced by C. P. Rhoads.) 

From Memorial Hospital, Xew Tori: City. 


Bittner 1 has shown that hybrids from a cross between a mouse 
from a strain having a high incidence of mammary cancer and one 
from a low tumor strain have a high or low incidence of breast 
cancer depending on what type of mother they nurse. If the 
nursing mother comes from the strain having the high incidence of 
spontaneous tumors, a large percentage of the female hybrids will 
develop mammary cancer. If they are nursed, on the other hand, 
by a female from the low tumor strain very few will develop breast 
cancer. Female mice from a high cancer strain nursed by their 
own mothers have a high incidence of mammary cancer while if 
they are foster -nursed by a mouse from a low tumor strain the 
chance that they will develop breast cancer will be materially reduced. 

An attempt was made to confirm this observation on a different 
strain of animals. Mice of the RIII (Paris) strain of Dobrovol- 
skaia Zavadskaia were given to a female of the C57 (black) 
strain of Little to nurse while the young of the latter were given to 
the RIII mother. The RIII females have an incidence of spon- 
taneous mammary cancer of 7 0% in virgin females. The incidence 
in C57 black females is less than 1 Jo. The incidence of breast 
1 Bittner, J. J., Jm. J. Ca., 1939, 35, 90. 
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cancer occurring in these 2 groups of animals appears to confirm 
Bittner’s observations but the number of animals is as yet not very 
statistically significant and consequently will be reported later in 
another place. 

Since litters were shifted within less than 12 hours of birth 
when the sex was often hard to determine, many males which had 
been foster-nursed by mothers of the other strain became available. 
It has been proved J that male mice of a strain showing a high 
incidence of spontaneous breast cancer in the females will develop 
cancer more quickly than their littermate sisters if a crystal of 
oestrone weighing 0.1 mg is implanted in them subcutaneously on 
the tenth day after birth. Because this procedure was easy and the 
mice were available the C57 males nursed by RIII females were so 
treated. 

Many animals have been used, a fair proportion of which have 
died of hyperestrinism before they were old enough to show tumors. 
Some are still too young for tumors to have developed. Nine 
males so treated have had spontaneous mammary cancer, 8 of which 
have been proved histologically. The ninth died in the night and 
was eaten by his cage-mates before morning. The earliest tumor 
appeared at 7 l / 2 months after birth in a mouse implanted with 0.18 
mg of crystalline oestrone. The oldest mouse to develop a tumor 
did so 11 months after birth after a dose of 0.09 mg of oestrone. 
The average age at which tumors appeared was 9 months. So far 
27 animals have lived 9 months or longer or have developed tumors 
before the ninth month. Fourteen of these animals are still alive. 
In this small series then we may say that by foster nursing C57 
black male mice with RIII (Paris) mothers and implanting them 
at 10 days of age with a crystal of oestrone weighing 0.07 to 0.18 
mg, 9 out of 27, or 33%, have developed breast cancer. 

This observation assumes greater importance when one con- 
siders that mammary cancer has not been observed previously in 
C57 black male mice. Haagensen in a personal communication 
reports the treatment of 107 males with maximal doses of oestrone 
benzoate in oil twice a week from 10 days of age to death without 
producing a single tumor. Gardner has had 3 tumors in 250 mice 
treated. It would seem that breast cancer in the animals reported 
in the present communication is due not only to hormonal stimu- 
lation of the male breast tissue but to some agent or influence 
transmitted in the mother’s milk other than oe strogenic substances. 

2 Twombly, G. H., Proc Soc. Exp. Biol, and Med., 1939, 40, 430. 
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Production of Gastric and Duodenal Ulcers in the Cat by 
Intramuscular Implantation of Histamine.* 


Stewart H. Walpole, Richard L. Varco, Charles F. Code 
and Owen H. Wangensteen. 

From the Departments of Surgery and Physiology, University of Minnesota 
Medical School, Minneapolis, Minnesota. 


The finding of Code and Varco 1 that prolonged stimulation of 
gastric secretion could be obtained by the injection of a histamine 
beeswax mixture into dogs offered a means of testing whether en- 
dogenous gastric secretion could produce ulcers of the stomach or 
duodenum. Cats were chosen for this investigation, because it had 
been found in a recent study in this laboratory that these animals 
developed erosions and ulcerations of the stomach and duodenum 
quite readily when 0.4% hydrochloric acid was instilled daily into 
the stomach through a fistula (Walpole). It seemed possible that 
a profitable comparison might be made between ulcer production in 
response to endogenous and exogenous acid. 

Experimental Procedure. The problem was approached by first 
studying the effects of single injections of the histamine beeswax 
mixture on gastric secretion and then observing the effects pro- 
duced by chronic histamine administration. The effect of the his- 
tamine beeswax mixture upon gastric secretion was studied in 3 
cats with a standard type of gastrostomy. 

Controls. Control observations were made with 2 of these 
animals some days prior to the injections of histamine. The con- 
tinuous secretion of the fasting stomach was collected every 8 hours 
for 24 hours. Several days later each cat was given an intra- 
muscular injection of plain beeswax mixture equivalent in amount 
to that in a dose of the histamine beeswax mixture and the con- 
tinuous gastric secretion was collected every 8 hours for 24 hours. 
In addition, in 3 control cats beeswax alone was implanted daily 
intramuscularly over periods varying from 8 to 23 days. In each 
instance, the cat gained weight and its general health appeared 

* This research was supported by grants from the Committee on Scientific 
Research of the American Medical Association (grants 526 and 556) and by a 
grant from the Graduate School of the University of Minnesota; also by a grant 
for technical assistance by the Work Projects Administration, Official Project No. 
665-71-3-69, Sub-project 258. 

i Code, C. F., and Varco, R. L. ; Pp.oc. Soc. Exp. Biol, and Med., 1940, 44, 475. 
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satisfactory. One of these cats was killed and subjected to a care- 
ful necropsy. There was no ulcer. The other cats continued in 
good health. During the period of this study, 13 cats kept in the 
laboratory for other purposes have been subjected to necropsy. No 
ulcers were found. The cat has been used periodically' as an ex- 
perimental animal in the surgical laboratory over a period of years. 
No spontaneous ulcers have been observed. 

Method. The acidity' of the gastric juice was determined by 
colorimetric titration. In both groups the quantity of secretion 
obtained and the maximum free acidity produced were considerably 
lower than that following stimulation with histamine in beeswax. 
The maximum free acidity' of the gastric juice following adminis- 
tration of plain beeswax was 48 clinical units, and of 6 samples 
collected 3 had no free acid. The maximum free acidity attained 
by r the fasting stomachs was 66 clinical units, and of 6 samples 
collected 3 contained no free acid. The experiments indicate that 
plain beeswax in the dose given had no effect upon gastric secretion. 

As a routine, the dose of histamine used in the beeswax mixture 
was 20 mg of the free base. This was injected in divided portions 
into the muscles of the back. In the cats with gastric fistulae, 
following administration of this dose, either fractional samples 
were collected or the entire continuous secretion was taken at hourly 
intervals for 24 hours. Food was withheld for 24 hours preceding 
injection. As in the dog (Code and Varco) there was a constant 
copious secretion of gastric juice. After a short lag during the first 
hour, the free acid rose to values of more than 100 clinical units 
but usually fell later to a somewhat lower range. In only 2 samples 
of 108 collected was free acid absent. 

To determine the effect of this prolonged abundant flow of gas- 
tric juice with high free acidity upon the stomach and duodenum, 

7 healthy cats weighing 4 to 8 lb were given each a daily dose of 20 
mg of histamine in beeswax injected intramuscularly. The animals 
were fed each morning and the injections made several hours later. 
Adequate fluids were supplied by subcutaneous administration of 
normal saline solution. The animals were sacrificed when they ap- 
peared obviously ill, or refused food on 2 successive days, or after 
blood was noted in several specimens of vomitus. 

Histamine in beeswax frequently produced no obvious reaction, 
but occasionally' the injection was followed immediately' by a typical 
chain of symptoms. This consisted of restlessness, increased respi- 
rations, and vomiting associated often with salivation and passage 
of a loose stool. The occurrence of these symptoms seemed to 
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depend more upon the batch of histamine mixture used than upon 
the individual animals. Recently, with increased experience in 
preparation of the material, reactions have been less frequent. In 
all animals, however, vomiting occurred some time during the course 
of injections and when not associated with the immediate reaction 
took place several hours after the injection. The vomitus usually 
contained free acid. 

These 7 cats receiving the histamine beeswax mixture were sac- 
rificed at periods ranging from 3 to 25 days after beginning the 
injections, the total amount of histamine given ranging from 60 to 
480 mg. At necropsy there were erosions or acute ulcers of the 
stomach or duodenum, or both, in all animals. Two cats had lesions 
of the duodenum only, 2 had lesions of the stomach only, and 3 had 
lesions of both stomach and duodenum. In 3 animals there were 
perforated ulcers, two in the duodenum and one in the stomach. 
Gastric lesions were limited to the antrum. It seemed obvious that 
the animals had been sacrificed at various stages of ulcer formation. 

Comment. Histamine in beeswax prepared according to the 
method of Code stimulated a sustained copious flow of gastric juice 
containing free acid when injected intramuscularly into cats. Re- 
peated injections of histamine in saline solution have been reported 
as failing to produce ulceration in the gastro-intestinal tract in the 
dog 2 and also in the cat. 3 Repeated single daily doses of histamine 
in beeswax in this study were effective in the cat in producing ero- 
sions and all stages of ulceration including acute perforation. In 
one dog tested, ulceration occurred in the duodenum.t These find- 
ings suggest the importance of the gradual liberation of histamine 
from beeswax in maintaining a constant and fairly uniform stimula- 
tion of gastric secretion, as opposed to the intermittent stimulation 
afforded by periodic injections of histamine in watery solution. 

2 Orndorff, J. R., Bergli, George S., and Ivy, A. C., Surg. Gynec. Obsfet., 1935, 
61 , 162. 

3 Heinleiu, H., and Kastrup, H., '/.. f. <1. ges. exp. Med., 1938, 102, 517. 

t Since tliis paper was written intramuscular implantation of histamine has been 
done in an additional cat and in another dog. Both animals were killed and 
autopsied when it was apparent that they were ill. The cat had a large ulcer in 
the fundus 12 days after the administration of histamine was begun. The dog had 
a small ulcer .5 cm in diameter in the first portion of the duodenum 4 days after 
histamine administration was begun. 
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Relationship Between Insulin Dosage, Duration and Degree of 
Hypoglycemia and Production of Brain Damage.*f 

David B. Tyler and Eugene Ziskind. (Introduced by D. R. 

Drury.) 

From the Department of Medicine, School of Medicine , University of Southern 

California . 


This report deals with the relation of insulin dosage, duration 
and degree of the ensuing hypoglycemia, and the resulting brain 
damage produced. Observations of a paradoxical reaction with 
insulin are also recorded. 

It is well established from the work of Scott and Dotti, 1 Zucker 
and Berg, 2 and many others, that from 20 to 60 minutes after the 
injection of insulin, the blood sugar reaches its lowest level and 
remains there with minor fluctuations for a period depending upon 
the amount of insulin given. With insulin doses such as we used, 
of from 10 to 20 units per kilo of bodyweight, the hypoglycemia 
persists from 10 to more than 24 hours. However, independent 
of the hypoglycemia certain clinical symptoms occur which indicate 
a progressive loss of function, in a phylogenetic order, from the 
higher cortical areas to the lower or medullary centers. 3 - 6 In this 
connection, Frostig 4 described 4 stages of hypoglycemia in man 
after large doses of insulin, based on impairment of the function of 
(1) cerebral cortex, (2) basal ganglia and thalamus, (3) mid- 
brain, and (4) medulla. In our previous report, 7 certain interest- 
ing data became apparent bearing on the problem of insulin dosage 
in relation to brain damage. 

The method used has been described in a previous report. 7 
Briefly stated, doses of insulin were given subcutaneously to cats 
fasted 18 hours and not previously treated with insulin. Complete 

* Insulin was kindly furnished by Eii Lilly & Co. 

t We are indebted to Dr. C. H. Thiene3 of the Department of Pharmacology for 
the use of laboratory space and many helpful suggestions. 

l Scott, E. L., and Dotti, L. B., Arch. Int. Med., 1932, 50, 511. 

- Zucker, T. F., and Berg, B. N., Am. J. Physiol., 1937, HO, 531. 

3 Augyal, L. V., Z. Mcur. and Psycliiat., 1937, 157, 35. 

4 Frostig, J. P., Arch. Near, and Psycliiat., 1938, 30, 219. 

j Himwich, H. E., Frostig, J. P., Fazekas, J. F., and Hadidian, Z., Am. J. 

Psycliiat., 1939, 06, 3/1. 

o Ziskind, E., and Tyler, D. B., in preparation. 

T Ziskind, E., and Tyler, D. B., Puoc. Soc. Exp. Biol, and Med., 1940, 43, 734. 
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quarter-hour notations of the neurological state of the animal were 
made. When the animal showed signs of critical medullary decom- 
pensation, small amounts of glucose (100-200 mg) were given in- 
traperitoneaUy as needed, in order to restore the circulation, pulse 
and respiration, but still maintain a severe hypoglycemia. The hypo- 
glycemia was terminated after 9 to 20 hours with glucose. We con- 
sidered those animals had brain damage which showed the irre- 
versible clinical symptoms of “decortication” and “decerebration” 
described elsewhere. 7 In this report when we describe a “stage” of 
hypoglycemia such as the “medullary stage,” we refer to the neuro- 
logical symptoms at that time. 

1. The Relation Between Insulin Dose and Incidence of Brain 
Damage. Column III of Table I shows that the greater the dosage 
the greater the incidence of residual brain damage. In animals 
receiving 10, 15 and 20 units of insulin per kilo, the incidence of 
brain damage was respectively 30%, 33%, and 62%. These results 
cannot be correlated with the duration of hypoglycemia or the period 
of coma (columns IV and V). These findings correspond to those 
previously reported by Yannet. 8 


TABLE I. 


I 

Insulin 

dose 

II 

Time before 
myoclonic 
jerks 

HI 

Incidence of 
residual brain 
damage 

IV 

Hr of 

hypoglycemia 

V 

Hr 

coma 

20 u./kg 

4.16 (20) 

62% (13) 

11 

7 

15 u./kg 

3.67 (43) 

33% (33) 

13 

9 

10 u./kg 

3.28 (20) 

30% (20) 

7.5 

4.5 

Less than 5 u./kg 

2.24 (12) 

— 

— 

— 


Number in parenthesis indicates number of animals. 


2. The Relation of Duration of Medullary Stage to Brain Dam- 
age. Residual brain damage did not occur in our series irrespective 
of the dose of insulin unless the animal was in the “medullary stage” 
for not less than 100 minutes. This medullary stage (Stage IV of 
Frostig) is characterized by pin point pupils, bradycardia, respira- 
tory irregularities especially Cheynes-Stokes respiration, flaccidity, 
and finally symptoms of circulatory collapse. However, the time 
that the animal must be kept in this stage to produce brain damage 
varies indirectly with the body temperature of the animal. These 
findings do not lend support to the thesis that insulin per se is toxic 
to the brain cell. 

3. Paradoxical Relation of Increasing Dose of Insulin and Dis- 
appearance of Cerebral Functions. The larger the dose of insulin 

3 Yannet, H., Arch. Ncur. and Psychiat., 1939, 43, 395 
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(within the limits of our experiments) the longer the latent period 
before cortical functions disappear, as gauged by the loss of con- 
sciousness and the time of appearance of the first myoclonic jerks. 
(Column II of table.) The average time of appearance of the first 
myoclonic jerks in cats receiving 5 u/kg or less was 2.24 hours, 
10 u/kg 3.28 hours, 15 u/kg 3.67 hours, and 20 u/kg 4.16 hours. 
We are unable to suggest the reason for this reaction. 

Conclusions. 1. The larger the dose of insulin the greater the 
incidence of brain damage. However, irrespective of the insulin 
dose, brain damage did not occur in our animals unless they were 
kept in the “medullary stage” of hypoglycemia for at least 100 
minutes. 2. In cats, not previously treated with insulin, the larger 
the dose the longer time it took for the appearance of neurologic 
signs of hypoglycemia. 
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Elimination of Metrazol. 


J. M. Dille and Victor P. Seeberg 

From the Department of Pharmacology, College of Pharmacy, University of 
Washington, Seattle, Washington. 


Pharmacological and clinical evidence points to the fact that 
metrazol is very rapidly detoxicated in the body. The intravenous 
administration of a convulsive dose produces typical clonic convul- 
sions from which the animal rapidly recovers. 

There is a possibility that the metrazol might be excreted by the 
kidneys, and so our first step consisted in eliminating this possibility. 
Chemical analysis of the urine of cats receiving convulsive doses 
of metrazol showed none of the drug to be present in the urine. 
Bilaterally nephrectomized cats showed the same reaction to a con- 
vulsive dose of metrazol as the}’' did before the performance of the 
nephrectomy. Hinsberg has shown that practically no metrazol is 
excreted by the intestinal route. It therefore seems logical that 
metrazol is not excreted but is detoxified. 

The liver has generally been assumed to be the locale for drug 
detoxication. We therefore administered phosphorus to cats. Cats 
treated in this way died from the administration of a dose of metra- 
zol which formerly produced only slight convulsions. The role of 
the liver was further tested by a comparison of the dose required to 



Papaverine and Coronary Occlusion 


625 


produce convulsions when the drug was infused into the marginal 
ear vein or the portal vein of rabbits. In all cases a larger amount 
was required to produce convulsions when administered by the 
portal route. This evidence seems to establish the fact that metrazol 
is detoxified rather than excreted and that the liver plays an im- 
portant role in the detoxication process. 
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Coronary Occlusion. II. Efficacy of Papaverine Hydrochloride in 
Treatment of Experimental Cardiac Infarction. 

Alan Leslie, Michael G. Mulinos and Wirt S. Scott, Jr. 

From the Deportment of Pharmacology , College of Physicians and Surgeons , 
Columbia University, New York City. 


Papaverine has been suggested repeatedly as a drug of therapeutic 
value in the treatment of coronary artery disease . 1-4 This recom- 
mendation has been based on the thesis that the vaso-dilator action 
of papaverine would increase local blood flpw. The anginal attack 
is thus relieved, or the ultimate size of the myocardial scar is mini- 
mized as a result of the improved nutrition. 

Allen and MacLean 4 stated that the pain in peripheral arterial 
embolization is due not only to the presence of the embolus, but also 
to the attendant widespread reflex vascular spasm. The extensive 
ischemia that they observed was more marked than could be 
accounted for by the occlusion of the main vessel alone. In arterial 
embolization papaverine is said to have effects analogous to sym- 
pathectomy, i.e. — relaxation of the vaso-spasm. The use of papav- 
erine has been suggested also in cerebral, pulmonary and mesenteric 
occlusion . 3,4 Mulinos, Shulman and Mufson 3 found that vaso- 
spasm of Reynaud’s disease was relieved by large doses of papav- 
erine hydrochloride intravenously, doses which did not lower the 
blood pressure but which resulted in a moderate acceleration of the 
heart rate® Gruber and Robinson 7 noted that papaverine in small 

l Sender, R., 2Icd. Welt., 1928, 2, 335. 

- Neu, J., Therap. cl. Gegenw., 1927, 08, 564. 

3 De Takats, G., J. J. 21. A., 1930, 100, 1003. 

4 Allen, E. V., and MacLean, A. B., Proc. Staff 21eet. 2Iaijo Clinic, 1935, 10, 210. 

3 Mulinos, M. G., Shulman, I., and Mufson, I., Am. J. 2Ied. Sci., 1939, 197, 793. 

o Mulinos, M. G., and Shulman, I., .7. Pharm. Exp. Therap., 1939, CO, 27. 

* Gruber, C. M., and Robinson, P. I., J. Pharm. Exp. Therap., 1929, 37, 429. 
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doses caused an increase in the height of the contractions in the iso- 
lated perfused terrapin heart. Macht 8 observed that small doses 
caused slowed, more powerful contractions of the isolated frog’s 
heart. 

Coronary occlusion, whether due to embolus, spasm, or ligation, 
results in a central area of almost complete ischemia which is sur- 
rounded by a halo of myocardial edema and reflexly spastic vessels. 
These peri-infarctial coronary vessels are of importance because they 
supply blood to the adjacent myocardium and also because they 
are potential anastomotic connections with the infarcted area 
(Wearn 0 ). It is to be expected, therefore, that vasodilators which 
decrease the vaso-spasm should prove beneficial by increasing the 
anastomotic circulation, and also by lessening the peri-infarctial 
edema, thus diminishing the ultimate size of the infarct. No experi- 
mental work has been done in support of the contention that 
papaverine exerts such a beneficial effect on the course of occlusive 
coronary disease. The present study attempts to determine the effect 
of papaverine upon the size of an experimentally produced myo- 
cardial infarct. Gold, Travell and Modell 10 and Fowler, Hurevitz 
and Smith 11 have made similar studies employing aminophylline as 
the vasodilator. 

Method . Using the method described previously, 12 the left branch 
of the left anterior descending coronary artery was ligated asep- 
tically in 22 cats under sodium pentobarbital anesthesia. An 
attempt was made to tie the vessel at the same point in each animal. 
Standard 3 lead electrocardiograms, white and differential blood 
counts, and determinations of the sedimentation rate were made 
pre-operatively, and at intervals in the post-operative life of the 
cats. Following the ligation alternate cats received 5 mg per kilo 
of papaverine hydrochloride (I cc == 30 mg)* intramuscularly twice 
a day for a period of 2 weeks (Sundays excepted). The interval 
cats were kept as controls and were treated analogously except for 
the injections. All the cats remained in good condition until they 
were sacrificed. 

~~TjIacht, D. I., Arch. Int. Med., 1916, 17, 786. 

9 Wearn, J. T., Harvey Lecture, 1910. 

10 Gold, H., Travell, J-, and Modell, W., Am. Mt. J., 1937, 14, 248. 

11 Fowler, W. M., Hurevitz, H. M., and Smith, F. M., Arch. Int. Med., 1935, 

50 J242. 

12 Scott, w., Leslie, A., and Mulinos, M, G., Am. Ht. J., 1940, 19, 719. 

* Generously contributed by Eli Lilly and Company. 
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TABLE I. 


Infarct Size and Its Relation to Age of Infarct and Administration of Papaverine. 




Treated cats 


Untreated cats 


f~' m 





Cat 


Infarct area. 

Cat 


Infarct area, 

No. 

Bays 

cm2 

No. 

Days 

cm^ 

IS 

7 

0.S8 

9 

24 

1.33 

29 

7 

3.19 

5 

27 

1.59 

25 

14 

3.76 

3 

28 

1.62 

16 

15 

2.24 

12 

29 

1.22 

13 

20 

1.76 

27 

30 

0.55 

26 

20 

1.52 

10 

30 

2.06 

6 

21 

2.91 

11 

30 

1.30 

14 

21 

0.80 

7 

33 

1.07 

4 

29 

3.64 

8 

44 

2.15 

19 

101 

0.39 

9 

47 

1.5S 




10 

50 

4.40 




21 

56 

None seen 

10 

Avg 2 5.1 

i Avg 2.11 c — 0.303 

12 

Avg 35.7 

Avg 1.57 <j = 0.324 


From 6 to 102 days after operation, the cats were killed by the 
intravenous injection of chloroform. The hearts were excised, 
the infarct delineated with ink and a contact tracing of each infarct 
was made. The areas of the tracings, shown in Table I, were deter- 
mined by means of a planimeter. There is no obvious correlation 
between the size of the infarct and its age. 

Results. The treated cats experienced some immediate pain from 
the injection of the papaverine hydrochloride, which has a pH of 2, 
but showed no other untoward effects. There was no depression, 
vomiting, or loss of appetite. 

As shown in the Table, the area of infarct averaged 34% larger 
in the papaverine treated cats than in the uninjected controls. This 
difference falls well within the average deviation of either series and 
is consequently considered as accidental. In large part the size of 
the infarct depends in the different cats upon the anatomical distri- 
bution of the coronary vessel which is ligated at the operation. The 
differences in the area of the infarcts are shown in the Table as 
a scatter of from 0.39 sq cm to 3.76 sq cm for the papaverine 
treated cats and of from zero to 4.40 sq cm for the control animals. 
A larger series might he desirable. However, more data would 
merely result in lowering of the average deviation of infarct size, 
without throwing additional light upon the effect of the drug. Our 
figures indicate that infarct size cannot be used as a criterion of 
coronary vasodilator action and therefore it is felt that the coronary 
vasotropic effect of papaverine must be studied by other methods 
as well. Papaverine is being compared by us with nitroglycerine 
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and theophylline for its effects upon the electrocardiogram with and 
without induced anoxemia. The length of time necessary for the 
recovery of the electrocardiogram and for the return of the white 
blood cell count and sedimentation time to normal was roughly 
proportional to the size of the infarct, and independent of the ad- 
ministration of the papaverine. From our failure to demonstrate 
any reduction in the size of the infarct after coronary ligation, it 
cannot be concluded that papaverine hydrochloride has no place in 
the clinical treatment of coronary occlusion or of angina pectoris. 

Conclusion. The daily injection of papaverine hydrochloride 
(5 mg per kilo) into cats for 2 weeks did not alter significantly the 
size of the infarct resulting from the ligation of the left branch of 
the left anterior descending coronary artery. 

It is suggested that because of the greatly variable amount of 
cardiac tissue involved in each ligation this method of study is too 
crude to detect any “clinical” improvement that the drug may have 
exerted. 


11551 

Anaphylactic Shock and Susceptibility to Histamine Poisoning in 
the Cotton Rat Sigmodon hispidus littoralis * 

Beatrice Carrier Seegal 

From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New Fork. 

The Eastern cotton rat Sigmodon hispidus hispidus and the 
Florida cotton rat Sigmodon hispidus littoralis have come into 
prominence as laboratory animals because of their reported suscepti- 
bility to the virus of poliomyelitis. 1 2 The cotton rat is a small 
rodent and apparently it is capable of adaptation to laboratory life. 
It is therefore of interest to explore its usefulness for other experi- 
mental purposes. Reports on a natural trypanosome infection of 
the Florida cotton rat, 3 on the susceptibility of this animal to diph- 

* This work was supported by a grant from the Philip Hanson Hiss, Jr., 
Memorial Fund. 

l Armstrong, C., Pub. Bealth Pep., 1939, 34, 1719. 

•- Jungeblut, C. W., and Sanders, M., Pboc. Soc. Exp. Biol, axd Med., 1940, 
44, 375. 

3 Culbertson, J. T., J. Parasit., in press. 
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theric toxin, 4 and to infection with the tubercle bacillus'' have been 
made. The present communication describes attempts to produce 
anaphylactic shock in the Florida cotton rat. In addition to testing 
for hypersensitivity, the serums of some of the animals, obtained 
after sensitization, were tested for precipitin content. The animals 
subsequently were subjected to intravenous injections of histamine. 

Sheep serum as an anaphylactogen: One or 2 sensitizing injec- 
tions of sheep serum were given intravenously to 8 cotton rats. The 
total amount used for sensitization ranged from 0.05 to 0.6 cc. After 
an incubation period, varying from 17 to 29 days, the animals were 
reinjected intravenously with 0.25 to 0.50 cc of sheep serum. In 
no case was any reaction obtained following the shocking injection 
of antigen. Six of these animals were retested for sensitivity 17 
days later by the intravenous injection of 0.3 to 0.5 cc of sheep 
serum. The animals were again equally refractory to shock. 

Five of the animals were bled 19 or 25 days after the last shock- 
ing injection of antigen, and their serums tested for precipitins to 
sheep serum. In 3 of the serums no precipitins could be demon- 
strated; in 1 serum there was a trace with antigen diluted 1 :20, while 
the last serum reacted to give a definite precipitate with antigen 
diluted 1:10, 1 :40. and 1 :160 and a trace with antigen diluted 1 :640. 

Whole egg white as an anaphylactogen: Two sensitizing injec- 
tions of 0.5 cc of 25% whole egg white were given 3 days apart to 
9 cotton rats. The first injection was given intravenously, the 
second intraperitoneally. Five of the 9 animals had previously 
been used in the sheep serum experiments. After a 21-day incuba- 
tion period, all 9 animals received 0.5 cc of the same egg white solu- 
tion intravenously. Seven of the cotton rats failed to show any 
reaction. One animal was listless for about 20 minutes, sitting in 
one corner of the cage and responding only sluggishly to prodding. 
The last animal showed a greatly increased rate of respiration for 
about 5 minutes after injection. It then appeared normal for about 
15 minutes when it was observed that the animal had become limp 
and could not be aroused to activity. Respirations were slow but not 
labored. The animal lay on its side, became progressively weaker 
with slower respiration during another 15 minutes and then stopped 
breathing, o5 minutes after the injection of egg white. Autopsy 
revealed no gross lesions in the heart or lungs. Each pleural cavity 
contained a drop of blood or bloody fluid, and there was a small 
amount of serosanguinous fluid in the peritoneal cavity. The 

4 Jungeblut, C. W., Peoc. Soc. Exp. Biol, and Med., 1940, 43, 479. 

3 Steinbaeli, M. M., and Duca, C. J., Pkoc. Soc. Exp. Biol, and Med.. 1940, 44, 
288. 
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and theophylline for its effects upon the electrocardiogram with and 
without induced anoxemia. The length of time necessary for the 
recovery of the electrocardiogram and for the return of the white 
blood cell count and sedimentation time to normal was roughly 
proportional to the size of the infarct, and independent of the ad- 
ministration of the papaverine. From our failure to demonstrate 
any reduction in the size of the infarct after coronary ligation, it 
cannot be concluded that papaverine hydrochloride has no place in 
the clinical treatment of coronary occlusion or of angina pectoris. 

Conclusion . The daily injection of papaverine hydrochloride 
(5 mg per kilo) into cats for 2 weeks did not alter significantly the 
size of the infarct resulting from the ligation of the left branch of 
the left anterior descending coronary artery. 

It is suggested that because of the greatly variable amount of 
cardiac tissue involved in each ligation this method of study is too 
crude to detect any “clinical” improvement that the drug may have 
exerted. 
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The Eastern cotton rat Sigmodon hispidus hispidus and the 
Florida cotton rat Sigmodon hispidus littoralis have come into 
prominence as laboratory animals because of their reported suscepti- 
bility to the virus of poliomyelitis. 1 2 The cotton rat is a small 
rodent and apparently it is capable of adaptation to laboratory life. 
It is therefore of interest to explore its usefulness for other experi- 
mental purposes. Reports on a natural trypanosome infection of 
the Florida cotton rat, 3 on the susceptibility of this animal to diph- 

* This work was supported by a grant from the Philip Hanson Hiss, Jr., 
Memorial Fund. 

1 Armstrong, C., Pub. Eealth Pep., 1939, 34, 1719. 

2 Jungeblut, C. W., and Sanders, M., Proc. Soc. Exp. Biol, and Med., 1940, 
44, 375. 

3 Culbertson, J. T., J. Parasit., in press. 
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theric toxin, 4 and to infection with the tubercle bacillus 3 have been 
made. The present communication describes attempts to produce 
anaphylactic shock in the Florida cotton rat. In addition to testing 
for hypersensitivity, the serums of some of the animals, obtained 
after sensitization, were tested for precipitin content. The animals 
subsequently were subjected to intravenous injections of histamine. 

Sheep serum as an anapliylactogen: One or 2 sensitizing injec- 
tions of sheep serum were given intravenously to 8 cotton rats. The 
total amount used for sensitization ranged from 0.05 to 0.6 cc. After 
an incubation period, varying from 17 to 29 days, the animals were 
reinjected intravenously with 0.25 to 0.50 cc of sheep serum. In 
no case was any reaction obtained following the shocking injection 
of antigen. Six of these animals were retested for sensitivity 17 
days later by the intravenous injection of 0.3 to 0.5 cc of sheep 
serum. The animals were again equally refractory to shock. 

Five of the animals were bled 19 or 25 days after the last shock- 
ing injection of antigen, and their serums tested for precipitins to 
sheep serum. In 3 of the serums no precipitins could be demon- 
strated ; in 1 serum there was a trace with antigen diluted 1 :20, while 
the last serum reacted to give a definite precipitate with antigen 
diluted 1:10, 1 :40. and 1 :160 and a trace with antigen diluted 1 :640. 

Whole egg white as an anapliylactogen: Two sensitizing injec- 
tions of 0.5 cc of 25% whole egg white were given 3 days apart to 
9 cotton rats. The first injection was given intravenously, the 
second intraperitoneally. Five of the 9 animals had previously 
been used in the sheep serum experiments. After a 21 -day incuba- 
tion period, all 9 animals received 0.5 cc of the same egg white solu- 
tion intravenously. Seven of the cotton rats failed to show any 
reaction. One animal was listless for about 20 minutes, sitting in 
one corner of the cage and responding only sluggishly to prodding. 
The last animal showed a greatly increased rate of respiration for 
about 5 minutes after injection. It then appeared normal for about 
15 minutes when it was observed that the animal had become limp 
and could not be aroused to activity. Respirations were slow but not 
labored. The animal lay on its side, became progressively weaker 
with slower respiration during another 15 minutes and then stopped 
breathing, 35 minutes after the injection of egg white. Autopsy 
revealed no gross lesions in the heart or lungs. Each pleural cavity 
contained a drop of blood or bloody fluid, and there was a small 
amount of serosanguinous fluid in the peritoneal cavity. The 

4 Jungeblut, C. W., Pboc. Soc. Exp. Biol. a.\d Med., 1940, 43, 479. 

Steinbach, M. M., and Duca, C. J., Pkoc. Soc. Exp. Biol, axd Med.. 1940, 44, 

2S8. 
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mucosa of the stomach had one area of hemorrhage 4 mm in 
diameter and one of the Peyer’s patches of the small intestine was 
studded with petechial hemorrhages. The type of death and the 
paucity of findings at autopsy suggested the picture of anaphylaxis 
in the rat. 

Four of the 9 animals sensitized to egg white were bled from 
the heart 4 hours before the intravenous shocking injection of anti- 
gen. Serums from these bloods were tested for precipitins. Three 
of the serums contained no demonstrable precipitins, while the 
fourth showed only a trace of precipitate when tested with antigen 
diluted 1:20 and 1:100. 

Histamine shock: Eight cotton rats were tested for their sus- 
ceptibility to histamine (ergamine acid phosphate, Burroughs 
Wellcome & Co.). The drug was dissolved in 0.85% NaCl so that 
each cubic centimeter contained 1 mg. The cotton rats, weighing 
between 130 and 175 g, were injected intravenously with 0.4 to 1.5 
mg. The minimal lethal dose proved to be roughly 1 mg of hista- 
mine for a 130 g cotton rat, or approximately 0.8 mg per 100 g. 
This amount killed 4 out of 5 animals, whereas 0.6 mg per 100 g 
respiratory rate in the 3 animals tested. There was considerable 
of cotton rat failed to produce more than transitory increase in 
individual variation in the mode of death. In 1 animal (weight 
132 g) death occurred in 3 minutes following injection of 1 mg of 
histamine. It was characterized by frothing at the nose and 
labored respiration and by tonic and clonic convulsions and opistho- 
tonos. At autopsy the lungs were slightly distended and hemor- 
rhagic. A second animal (weight 175 g) died one hour following 
the intravenous injection of 1.5 mg. This animal did not show 
discharge of froth from the nose and the respirations, although 
rapid, were not labored. It lay on its side, prostrated, for 45 minutes 
before death. On autopsy the lungs appeared normal. There were 
many petechial hemorrhages in the Peyer’s patches and also scattered 
through the small intestine. A third rat, also 130 g in weight, died 
in 3 hours following the injection of 1 mg. In this case, difficulty 
of respiration was also absent. Periods of complete prostration 
alternated with periods of violent tonic and clonic convulsions. The 
only findings at autopsy were petechial hemorrhages in Peyer s 
patches. A fourth cotton rat, which had also been given 1 mg of 
histamine, showed only some increase in the rate of respiration for 
30 minutes following injection, but looked sick and listless the 
following day and died 24 hours later without showing any lesions 

at autopsy. 
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The potency of the histamine was tested in 3 guinea pigs weighing 
700 g. Two of these animals died acutely following the injection 
of 0.4 mg while the third survived 0.3 mg. 

Conclusions: The cotton rat was found relatively refractory to 
anaphylactic shock. In this respect it resembles the ordinary 
laboratory rat. Low titered precipitins occurred in 3 of the 9 
serums tested after sensitization. The minimal lethal dose of hista- 
mine intravenously was approximately 0.8 mg per 100 g for the 
cotton rat. This is 15 times the quantity required to kid a guinea 
pig, but is 100 times less than that which has been reported lethal 
for the rat. 
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Relation Between Volume of Vehicle and Chick Comb Response 

to Androsterone.* 

Emanuel Klempneb, Franklin Hollander and Robert T. 

Frank. 

From the Laboratories of the Mount Sinai Hospital, New York. 

It was suggested previously (Frank, Klempner and Hollander 1 ) 
that, in the use of sesame oil as a vehicle in our bioassay method 
for androgens, a reduction in the volume of vehicle from 0.1 cc to 
0.05 cc was one of the factors which contributed to the improvement 
in response. Subsequently, the possibility presented itself that a 
further reduction in this volume might effect further improvement, 
as manifested by increased comb growth for a given dose of andro- 
gen. Accordingly, we have investigated the response elicited by the 
application of various dosages of androsterone in 0.05 cc and in 
0.02 cct of oil, applied daily, in paired experiments run simultane- 
ously. In all other respects, the experimental conditions were 
exactly the same as in our last report (loc. cit.). 

The results of such paired experiments are summarized in Table 

* This investigation was supported in part by a grant from the Friedsam 
Foundation. 

i Frank, R. T., Kiempner, E., and Hollander, F., Proc. Soc. Exp. Biol, and 
Med., 1938, 38, 853. 

t In order to facilitate the application of these small volumes, as well as to 
control accuracy of delivery, a simple mechanical device was attached to the 
syringes used. This device, constructed by Mr. Vondrak, chief technician of 
laboratories, Mount Sinai Hospital, will be described elsewhere. 
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studded with petechial hemorrhages. The type of death and the 
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in the rat. 

Four of the 9 animals sensitized to egg white were bled from 
the heart 4 hours before the intravenous shocking injection of anti- 
gen. Serums from these bloods were tested for precipitins. Three 
of the serums contained no demonstrable precipitins, while the 
fourth showed only a trace of precipitate when tested with antigen 
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Histamine shock: Eight cotton rats were tested for their sus- 
ceptibility to histamine (ergamine acid phosphate, Burroughs 
Wellcome & Co.). The drug was dissolved in 0.85% NaCl so that 
each cubic centimeter contained 1 mg. The cotton rats, weighing 
between 130 and 175 g, were injected intravenously with 0.4 to 1.5 
mg. The minimal lethal dose proved to be roughly 1 mg of hista- 
mine for a 130 g cotton rat, or approximately 0.8 mg per 100 g. 
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rhagic. A second animal (weight 175 g) died one hour following 
the intravenous injection of 1.5 mg. This animal did not show 
discharge of froth from the nose and the respirations, although 
rapid, were not labored. It lay on its side, prostrated, for 45 minutes 
before death. On autopsy the lungs appeared normal. There were 
many petechial hemorrhages in the Peyer’s patches and also scattered 
through the small intestine. A third rat, also 130 g in weight, died 
in 3 hours following the injection of 1 mg. In this case, difficulty 
of respiration was also absent. Periods of complete prostration 
alternated with periods of violent tonic and clonic convulsions. The 
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ment with the larger volume. Each of these response values has 
likewise been calculated as per cent of the corresponding control 
value and is given in column 8. The improvement in response 
resulting from reduction in volume of sesame oil (IR, column 9) is 
therefore measured by the difference of these paired percentage 
values. These “improvement” values are uniformly positive, cor- 
responding to the greater response with 0.02 cc of oil than with 
0.05 cc. They vary in magnitude from 43% to 108% of the cor- 
responding control comb weight. The mean improvement is 67.9%, 
with a standard deviation of 5.4, and is based on a total of 710 
chicks : 277 treated with the larger volume of oil, 278 with the smaller 
volume, and 155 untreated controls. A second group of experiments, 
identical with the foregoing but restricted to the dosage range 1-9 y 
inclusive, has also been performed. This series employed a total of 
308 chicks, of which 2 38 were treated and 70 were controls. The 
results were similar to those in the foregoing series. 

It may be concluded, therefore, that this further reduction in 
volume of vehicle effects a further increase in the comb growth 
response of baby chicks. The only explanation which we can offer at 
the present time for this improvement is that the smaller the volume, 
the greater is the proportion of androgen solution utilized on the 
comb surface instead of being diverted to adjacent, less-sensitive 
head areas. 

We desire to express our thanks to Dr. Erwin Schwenk of the 
Schering Corporation of New Jersey for supplying us with the 
androsterone used in this investigation. 
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In our studies of the bioassay method for androgens, utilizing 
the comb of the baby chick, it has appeared that further improve- 

Tliis investigation was supported in part by a grant from the Friedsam 
Foundation. 
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table i. 

Effect of Further Reduction in Volume of Vehicle (Sesame Oil) in the Bioassay 
of Androgens by the Chick Comb Method. 


Vol. 

Androgen of 

Series dosage oil 

No. ( Y ) (ee) 

(1) (2) (3) 

No. 

of 

chicks 

(4) 

Mean comb wt 

Response to 
androgen 
application 
(comb wt corrected 
for controls) 

Improve- 

ment 

in 

response 

(IE) 2 

(9) 

Treated 
chicks 
W (mg) 

(5) 

Control 

chicks 

W. (mg) 
(6) 

(W-W c ) 

(7) 

% of W c i 
(8) 

27 

10 

.05 

25 

34.0 

18.5 

15.5 

84 

+52 



.02 

25 

43.0 

(28) » 

25.1 

136 


28 

10 

.05 

30 

31.1 

17.5 

13.6 

78 

+63 



.02 

30 

42.2 

(26) 

24.7 

141 


29 

10 

.05 

30 

31.0 

19.3 

11.7 

61 

+89 



.02 

30 

48.3 

(23) 

29.0 

150 


30 

10 

.05 

29 

35.6 

17.7 

17.9 

101 

+75 



.02 

29 

48.8 

(31) 

31.1 

176 


20 

12 

.05 

15 

43.1 

23.0 

20.1 

87 

+56 



.02 

15 

55.9 

(21) 

32.9 

143 


26 

15 

.05 

14 

45.7 

23.0 

22.7 

99 

+63 



.02 

15 

60.2 

(21) 

37.2 

162 


28 

15 

.05 

30 

39.2 

17.5 

21.7 

124 

+66 



.02 

30 

50.8 

(26) 

33.3 

190 


29 

15 

.05 

30 

38.1 

19.3 

18.8 

97 

+79 



.02 

30 

53.3 

(23) 

34.0 

176 


25 

30 

.05 

25 

59.2 

16.0 

43.2 

270 

+53 



.02 

25 

67.6 

(26) 

51.6 

323 


27 

30 

.05 

24 

49.1 

18.5 

30.6 

165 

+108 



.02 

24 

69.0 

(28) 

50.5 

273 


25 

50 

.05 

25 

71.0 

16.0 

55.0 

344 

+43 



.02 

25 

77.9 

(26) 

61.9 

387 









Mean : 

= 67.9% 









= ±5.4% 


‘Figures in parentheses No. of chicks. 

W — w c 

i Response as % of W„ = X 10° 

C TT 7 


W.Q2 — W,05 

2 Improvement (ER) as % of W c = X 100 

I, using mean comb weight for each group of chicks, regardless of 
sex, which had been treated in the same way. The dosages ranged 
from 10 to 50 y. The response to treatment in any one experiment was 
measured by the increase in comb growth for that experiment (W) 
over the comb growth for a control experiment (Wc) run simul- 
taneously, in which the chicks were untreated (columns 5 and 6). 
This increase (W — Wc), the comb weight corrected for controls, is 
wiven in column 7. It is apparent from the data that the response 
obtained in any one experiment with the smaller volume^ of vehicle 
is in each case greater than the response in the corresponding experi- 
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ment with the larger volume. Each of these response values has 
likewise been calculated as per cent of the corresponding control 
value and is given in column 8. The improvement in response 
resulting from reduction in volume of sesame oil (IR, column 9) is 
therefore measured by the difference of these paired percentage 
values. These "improvement” values are uniformly positive, cor- 
responding to the greater response with 0.02 cc of oil than with 
0.05 cc. They vary in magnitude from 43 % to 108% of the cor- 
responding control comb weight. The mean improvement is 67.9%, 
with a standard deviation of 5.4, and is based on a total of 710 
chicks : 277 treated with the larger volume of oil, 278 with the smaller 
volume, and 155 untreated controls. A second group of experiments, 
identical with the foregoing but restricted to the dosage range 1-9 y 
inclusive, has also been performed. This series employed a total of 
308 chicks, of which 238 were treated and 70 were controls. The 
results were similar to those in the foregoing series. 

It may be concluded, therefore, that this further reduction in 
volume of vehicle effects a further increase in the comb growth 
response of baby chicks: The only explanation which we can offer at 
the present time for this improvement is that the smaller the volume, 
the greater is the proportion of androgen solution utilized on the 
comb surface instead of being diverted to adjacent, less-sensitive 
head areas. 

We desire to express our thanks to Dr. Erwin Schwenk of the 
Schering Corporation of New Jersey for supplying us with the 
androsterone used in this investigation. 
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Effect of Further Reduction m Vo 
of Androgens 1 


Me 

Vol. , 

Androgen of No. Trent' 

Series dosage oil of chick 

No. (-(-) (ee) chicks W (m< 

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) 


27 

10 

28 

10 

29 

10 

30 

10 

26 

12 

26 

15 

28 

15 

29 

15 

25 

30 

27 

30 

25 

50 


.05 

25 

.02 

25 

.05 

30 

.02 

30 

.05 

30 

.02 

30 

.05 

29 

.02 

29 

.05 

15 

.02 

15 

.05 

14 

.02 

15 

.05 

30 

.02 

30 

.05 

30 

.02 

30 

.05 

25 

.02 

25 

.05 

24 

.02 

24 

.05 

25 

.02 

25 


34.0 

43.6 

31.1 

42.2 

31.0 

48.3 

35.6 

48 .5 

43.1 
55.9 

45.7 

60.2 

39.2 

50.8 

38.1 

53.3 

59.2 

67.6 
49.1 

69.0 

71.0 

77.9 ( 


^Figures in parentheses No, of clicks. 

W — W 

c 


l Response as % of W e = 




W ( 

a Improvement (IR) as % of W c — ■— 


I, using mean comb weight for each gr 
sex, which had been treated in the sam< 
from 10 to 50 y. The response to treatme: 
measured by the increase in comb grow: 
over the comb growth for a control e: 
taneously, in which the chicks were un 
This increase (W — Wc), the comb web 
given in column 7. It is apparent fron 
obtained in any one experiment with tb 
is in each case greater than the response 
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TABLE I. 

Comparison of Alcohol and Sesame Oil as Vehicle in Bioassay of Androgens by 
the Chick Comb Method. 

Response to 
androgen 

Mean comb wt application Improve- 

, , (comb wt corrected meat 

Androgen No. Treated Control for controls) in 


Series dosage 
No. (y) 
(1) (2) 

of 

Vehicle chicks 

(3) (4) 

chicks 

w (mg) 
(5) 

chicks 

W c (mg) 
(6) 

(W-W e ) 

(7) 

%ofW c i 

(8) 

response 

(IR)2 

(9) 

S39 

10 

Oil 

18 

48.1 

23.6 

24.5 

104 

+ 93 



Alcohol 

17 

70.2 

(21)* 

46.6 

197 


S40 

10 

Oil 

18 

38.4 

19.2 

19.2 

100 

+155 



Alcohol 

18 

68.3 

(37) 

49.1 

255 


S39 

20 

Oil 

17 

61.1 

23.6 

37.5 

158 

+152 



Alcohol 

17 

96.9 

(21) 

73.3 

310 


S38 

30 

oa 

18 

48.1 

21.7 

26.4 

122 

+182 



Alcohol 

18 

87.8 

(25) 

66.1 

304 


S39 

30 

Oil 

16 

68.5 

23.6 

44.9 

190 

+134 



Alcohol 

18 

100.4 

(21) 

76.8 

324 


S 40 

30 

Oil 

18 

61.3 

19.2 

42.1 

219 

+172 



Alcohol 

18 

94.6 

(37) 

75.4 

391 


S3 9 

40 

Oil 

17 

71.2 

23.6 

47.6 

201 

+167 



Alcohol 

18 

110.8 

(21) 

87.2 

368 


S39 

50 

Oil 

18 

77.9 

23.6 

54.3 

229 

+206 



Alcohol 

18 

126.8 

(21) 

103.2 

435 


S4Q 

50 

Oil 

18 

84.6 

19.2 

65.4 

339 

+140 



Alcohol 

18 

111.3 

(37) 

92.1 

479 



Mean = 155.7 % 

o M = ±10.1% 

‘Figures in parentheses are No. of chicks. 

W — w c 

1 Response as % of W c — 100 


2 Improvement (IB) as % of Y7 c = — — — y loo 

W 

C 

chicks (W, column 5) and that of the untreated control group in 
the same experiment (W v , column 6). For comparative purposes, 
these response values are also given as per cent of the correspond- 
ing control weight (column 8). Then, the improvement in response 
obtained by the use of alcohol as compared with oil in any one pair 
of experiments is given by the difference between these percentage 
response values (IR, column 9). These “improvement” values are 
consistently in favor of the alcohol as vehicle, and vary from 93 to 
206% of the corresponding control comb weight. The mean of these 
9 IR values is 155.7 % with a standard deviation of 10.1. This mean 
is based on a total of 538 chicks: 158 treated with oil, 160 treated 
with alcohol and 220 untreated controls. 

It was mentioned above that the alcohol solutions were employed 
in daily volumes of 0.02 cc as compared with 0.05 cc for the sesame 
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ment in the method might be attained by utilizing some vehicle for 
the androgens other than sesame oil. We have been aware of the 
fact that an oily vehicle entails certain disadvantages: (1) It has a 
tendency to spread over the head feathers of the chick and thus cause 
a loss of variable amounts of the hormone by diversion from the 
comb. (2) As a solvent, oil is unsatisfactory particularly for the 
gummy residues frequently obtained in extracting androgens from 
urine. (3) The oil itself is not absorbed, as has been shown histo- 
logically by Soloway, Hansen and McCahey, 1 but the hormone is ab- 
sorbed selectively by diffusion out of the vehicle instead of along with 
it. (4) The high viscosity of an oily vehicle is a distinct source of 
error in the preparation of quantitative solutions of the androgens. 
Other liquids which have been employed in place of sesame oil are tri- 
caproin (Hall and Dryden 2 ), 60% alcohol for estrogens (Ito, Hajazu 
and Kon 3 ), and 96% alcohol for testosterone (Zondek and Sul- 
man 1 ). The latter also mention the possibility of using benzol, ether, 
benzene and acetone but report no comparative studies with these sol- 
vents. Since 95% alcohol tends to overcome the undesirable features 
of sesame oil enumerated above, we have compared the two vehicles 
with respect to the comb growth response elicited by identical doses 
of androsterone. The procedure was similar to that described in 
the preceding paper (Klempner, Hollander and Frank 5 ), wherein we 
compared the response elicited by the same dose of androsterone in 
paired experiments in which the only variable was the volume of 
sesame oil employed. In the present investigation, however, the 
paired experiments differed from each other in that the first employed 
0.05 cc of sesame oil and the second 0.02 cc of 95% alcohol. A 
comparison of the relative efficiencies of the two liquids for the 
purpose of these investigations would have been simplified by the 
use of identical volumes, but — as will be shown below — this differ- 
ence in volume can be canceled out of the final result without undue 
complications. 

The data for 9 such pairs of experiments are presented in Table I. 
The response in any one experiment (column 7) is measured by the 
difference between the mean comb weight of the group of treated 

1 Soloway, D., Hansen, L. P., and McCahey, J. F., Pkoc. Soc. Exp. Biot, and 
Med., 1939, 41, 547. 

2 Hall, S. K., and Dryden, L. P., Psoo. So c. Exp. Biod. and Med., 1939, 41, 378. 

3 Ito, M., Hajazu, S., and Kon, T., Znil. Gyn ., 1937, Ot, 1094. 

•i Zondek, B., and Sulman, F., Pnoo. Soc. Exp. Biot,, and Med., 1939, 40, 033. 

5 Klempner, B., Hollander, F., and Frank, R. T., Psoo. Soc. Exp. Biol, and 
Med., 1940, 44, 631. 
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TABLE I. 

Comparison of Alcohol and Sesame Oil as Vehicle in Bioassay of Androgens by 
the Chick Comb Method. 

Response to 
androgen 

Mean comb wt application Iznprove- 

r , (comb wt corrected ment 

Androgen No. Treated Control for controls) in 


Series dosage 
No. (y) 
(1) (3) 

of 

Vehicle chicks 
(3) (4) 

chicks 

W (mg) 

(5) 

chick3 
w c (mg) 
(6) 

(W-W e ) 

(7) 

% of W c 'l 

(3) 

response 

(IR)2 

(9) 

S39 

10 

Oil 

18 

48.1 

23.6 

24.5 

104 

+ 93 



Alcohol 

17 

70.2 

(21) ‘ 

46.6 

197 


S40 

10 

Oil 

18 

38.4 

19.2 

19.2 

100 

+155 



Alcohol 

18 

68.3 

(37) 

49.1 

255 


S39 

20 

Oil 

17 

61.1 

23.6 

37.5 

158 

+152 



Alcohol 

17 

96.9 

(21) 

73.3 

310 


S38 

30 

Oil 

18 

48.1 

21.7 

26.4 

122 

+182 



Alcohol 

18 

87.8 

(25) 

66.1 

304 


S39 

30 

OU 

16 

68.5 

23.6 

44.9 

190 

+134 



Alcohol 

18 

100.4 

(21) 

76.8 

324 


840 

30 

Oil 

18 

61.3 

19.2 

42.1 

219 

+172 



Alcohol 

18 

94.6 

(37) 

75.4 

391 


S3 9 

40 

Oil 

17 

71.2 

23.6 

47.6 

201 

+167 



Alcohol 

18 

110.8 

(21) 

87.2 

368 


S39 

50 

Oil 

IS 

77.9 

23.6 

54.3 

229 

+206 



Alcohol 

18 

126.8 

(21) 

103.2 

435 


S40 

50 

OU 

18 

84.6 

19.2 

65.4 

339 

+140 



Alcohol 

18 

111.3 

(37) 

92.1 

479 



Mean — 155.7% 

(Tjl = ±10.1% 

‘Figures in parentheses are No. of chicks. 

W - w c 

i Response as % of W c = X 100 


ale oil 

- Improvement (IR) as % of IV ~ X 100 

W c 

chicks (W, column 5) and that of the untreated control group in 
the same experiment (Wv, column 6). For comparative purposes, 
these response values are also given as per cent of the correspond- 
ing control weight (column S). Then, the improvement in response 
obtained by the use of alcohol as compared with oil in any one pair 
of experiments is given by the difference between these percentage 
response values (IR, column 9). These “improvement” values are 
consistently in favor of the alcohol as vehicle, and vary from 93 to 
206% of the corresponding control comb weight. The mean of these 
9 IR values is 155.7% with a standard deviation of 10.1. This mean 
is based on a total of 538 chicks: 15S treated with oil, 160 treated 
with alcohol and 220 untreated controls. 

It vas mentioned above that the alcohol solutions were employed 
in daily volumes of 0.02 cc as compared with 0.05 cc for the sesame 
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oil. We have shown elsewhere (Klempner, Hollander and Frank 3 ) 
that even with the same solvent such a difference in volume may 
produce a considerable increase in comb response ; for 1 1 experiments 
with a range in dosage of 10-50 y, the mean IR-value was 
67.9 5.4%. However, in the present investigation the mean 

IR value is 155.7 db 10.1%. The difference between these two is 
87.8% with a standard deviation of 11.5%. This difference is 7.6 
times its standard deviation and is therefore statistically significant. 

It may be concluded, therefore, that the improvement in comb 
growth response obtained in these experiments resulted from the 
substitution of alcohol for sesame oil, apart from the diminution in 
volume of vehicle. Such improvement may be ascribed to the rapid 
evaporation and absorption of the alcohol, with consequent diminu- 
tion in loss by spreading to less responsive areas. It is also possible 
that the use of alcohol increases the rate of absorption of the andro- 
gen itself by the comb surface, but as yet we have no direct evidence 
of this. 

We desire to express our thanks to Dr. Erwin Schwenk of the 
Schering Corporation of New Jersey for supplying us with the 
androsterone used in this investigation. 
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Prevention of Nutritional Muscular Dystrophy in Suckling E-low 
Rats with Alpha-tocopherol and Related Substances.* 

Herbert M. Evans and Gladys A. Emerson. 

From the Institute of Experimental Biology, University of California, Berkeley, 

California. 


That alpha-tocopherol was effective in preventing the dystrophy 
that appears in the suckling young of vitamin E-low mothers was 
first shown by Barrie, 1 Demole and Pfaltzy and Goettsch and Ritz- 
mann. 3 Goettsch and Ritzmann found that FeCl 3 -treated wheat 

* Aided by grants from the Research Board and the Department of Agriculture 
of the University of California, the Rockefeller Foundation and Merck and Com- 
pany, Rahway, New Jersey. The following materials were generously contributed: 
alpha-tocopherol by Merck and Company, Rahway, New Jersey. Assistance was 
rendered by the Works Progress Administration, Official Project No. Co-1-08-62, 
Unit A-5. 

1 Barrie, M. M. O., Nature, 1938, 142, 799. 

2 Goettsch, M., and Ritzmann, J., J. Nutr., 1939, 17, 371. 

3 Demole, V., and Pfaltz, H., Schweiz. Med. Wochenschrift , 1939, 60, 123. 
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germ oil (which had no activity as vitamin E in the cure of sterility) 

likewise had anti-dystrophic activity. 

We are able to confirm the findings of Barrie, Demole and Pfaltz, 
Goettsch and Ritzmann as to the anti-dystrophic activity of alpha- 


tocopherol. . 

Young female rats reared on our vitamin E-low diet 427 and of 
proved sterility were bred for their second gestation and were given 
a single dose of 3 mg of natural alpha-tocopherol on the day of 
finding sperm. The litters resulting from these pregnancies were 
reduced to 6 young. In the first group of test animals the mothers 
were given 6 mg of alpha-tocopherol by stomach tube on the day of 
littering. They were allowed to suckle 3 of their own young and 
3 foster young of the control mothers which received the solvent for 
the alpha-tocopherol (ethyl laurate). Likewise, the control rats 
were allowed to suckle 3 of their own young and 3 from the experi- 


mental animals. Six mg of alpha-tocopherol was almost adequate to 
prevent the dystrophy that would otherwise have developed toward 
the end of the lactation period. Two animals, however, in this group 
exhibited a slight stiffness (Table I). Ten mg of alpha-tocopherol 
appeared to be adequate to prevent the dystrophy. 


TABLE I. 


Prevention of Muscular Dystrophy in Suckling E-low Eats with a-toeopherol. 


Treatment 

No. of 
young 

Dystrophic or dead 
Days 15-25 

Mother received 6 rag a-tocopherol (in ethyl laurate) 
on day of littering 

30 

2 

(alight stiffness) 

Mother received ethyl laurate only 

64 

64 

Mother received 10 mg a-tocopherol on day of littering 

41 

0 

Young received 1 mg a-tocopherol daily from day 10 

13 

0 

Young received ethyl laurate only 

12 

6 

Young received 3 mg a-tocopherol daily from day 15 

12 

0 

Young received ethyl laurate only 

9 

6 

Young received 3 mg a-tocopherol daily from day 18 

30 

25 

Young received ethyl laurate only 

25 

19 


In a second experiment the young were given alpha-tocopherol: 
one group received 1 mg daily from day 10; a second group received 
3 mg daily from day 15 ; and a third group, 3 mg daily from day 18. 
The results of this experiment demonstrate that alpha-tocopherol 
when administered as late as day 15 of lactation was effective in 
preventing the paralysis but that the young receiving the alpha- 
tocopherol from day 18 were not protected. It can be seen that not 
all the ethyl laurate treated young developed dystrophy although 
this was the case when the mothers were so treated. An explanation 

4 Emerson, G. A., aud Evans, H. M., J. Nutr., 1937, 14, 169. 
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may be afforded by the necessary conditions of the experiment for 
young in the same litter were fed the alpha-tocopherol by dropper 
and slight oral residues could have been licked off by litter mates. 

Following the observation of Goettsch and Ritzmann demon- 
strating the activity of FeCl 3 -treated wheat germ oil in preventing 
the dystrophy, we fed substances related chemically to alpha- 
tocopherol (I). 


CH 


CH 3 | 

HO 


3 o ch 3 


CH, 


CH 3 


ch 3 

i 3 


"c ( CH A CH (CH 2 ) 3 CH (CH 2 ) 3 CH CH 3 


I 


V J \./ CH2 


CH 2 I- a-Tocopherol 



CH 3 


H-2,2,5,7, 8 pentamethyl 6 hydroxy chromane 
has the same ring structure as alpha-tocopherol. The side chain 
of alpha-tocopherol is derived from phytol (III), 

ch 3 ch 3 ch 3 ch 3 

HO CH 2 CH = C (CH 2 ) 3 CH (CH 2 ) 3 CH (CH 2 ) 3 CH CH 3 


HI- Phytol 

Fernholz obtained the gamma lactone (IV) 

o ch 3 ch, ch 3 ch, 

I 3 I 3 | I J 

/ C (CH 2 ) 3 CH (CH 2 ) 3 CH (CH 2 ) 3 CH CH 3 

CO | 

\ / CH > 

CH 2 

EZ- gamma lactone (Fernfcck) 


on oxidation of alpha-tocopherol. All of these substances were 
inactive whether fed to the young from day 15 or to the mothers on 
the day of littering (Table II). 

The resemblance in structure between vitamin Ki (V) 


o 

ii 



ch 3 


ch 3 ch 3 
ch 2 ch=c (ch 2 ) 3 ch (ch 2 ) 3 


CH 3 

CH (CH 2 ) 3 


ch 3 

CH CH 3 


Y- Vitamin Kj 

and alpha-tocopherol suggested that this substance might act as 
vitamin E but vitamin K x was also found to be inactive in the pre- 
vention of muscular dystrophy. 
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TABLE II. 

Failure to Prevent Muscular Dystrophy in Suckling E-lovr Eats vrith Substances 
Belated to q-tocopherol 

No. of Dystrophic or dead 


Treatment young Days 15-25 


Young received 3 mg phytol daily from day 15 16 14 

Young received 3 mg 2, 2, 5,7, 8, penta methyl 6 
hydroxy chromane daily from day 15 20 13 

Young received 3 mg gamma lactone (Fernholz) 

from day 15 16 13 

Young received ethyl laurate only 52 45 

Mother received 15 mg 2, 2, 5, 7 ,8 penta methyl 6 

hydroxy chromane on day of littering 54 53 

Mother received 15 mg vitamin Ki on day of littering 18 17 

Mother received ethyl laurate only 28 26 

Mother received 15 mg gamma lactone (Fernholz) 
from day 15 24 24 


Summary. The dystrophy that almost invariably appears toward 
the end of the lactation period in the suckling young of vitamin E-low 
mothers can be prevented by the administration of 10 mg of alpha- 
tocopherol to the mother on' the day of littering or the feeding of 
1 mg daily to the young from day 10 or 3 mg from day 15. The' 
administration of 3 mg of alpha-tocopherol daily from day IS was 
ineffective. The following compounds related chemically to alpha- 
tocopherol were tested for anti-dystrophic activity and found inac- 
tive: 2,2,5,7,8-penta-methyl, 6 hydroxy chromane, phytol, gamma 
lactone and vitamin Kr. 
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Reimplantation and Transplantation of Eyes in Anuran Larvae 
and Fundulus heteroclitus* 

L. S. Stone. 

From the Department of Anatomy, Yale University School of Medicine. 

These experiments were undertaken on anurans and fishes to 
compare the results with those obtained from a series of studies on 
the grafted eyes of urodeles. 1-J In one group the functional eye in 

Aided by grants from tbe John and Mary B. Markle Foundation and the 
Fluid Besearcli Fund of Yale University School of Medicine. 

i Stone, L. S., J. Exp. ZooL, 1930, 53, 193. 

- Stone, L. S., and Cole, C. H., Pboc. Soc. Exp. Biol, and Med., 1931, 29, 176. 

3 Stone, L. S-, Zaur, I. S., and Fartldng, T. E., Pboc. Soc. Exp. Biol, and Med., 
1934, 31, 1082. 

* Stone. L - S., Ussher, N. T., and Beers, D. N., J. Exp. Zoo}., 1937, 77, 13. 

s Stone, L. S., and Chace, B. R., Pboc. Soc. Exp. Biol, and Med., 1937, 30, 830. 
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may be afforded by the necessary conditions of the experiment for 
young in the same litter were fed the alpha-tocopherol by dropper 
and slight oral residues could have been licked off by litter mates. 

Following the observation of Goettsch and Ritzmann demon- 
strating the activity of FeCl 3 -treated wheat germ oil in preventing 
the dystrophy, we fed substances related chemically to alpha- 
tocopherol (I). 



ch 3 

CH (CH 2 ) 3 


ch 3 

CH (CH,) 


zh 


CH 3 

CH CH, 


I- a -Tocopherol 


H- 2, 2, 5,7, a pentamethyl 6 hydroxy chromane 
has the same ring structure as alpha-tocopherol. The side chain 
of alpha-tocopherol is derived from phytol (III), 

ch 3 ch 3 ch 3 ch 3 
ho ch 2 ch = c (chJ 3 ch (ch 2 ) 3 ch (ch 2 ) 3 ch ch 3 


1U- Phytol 

Fernholz obtained the gamma lactone (IV) 



CHj 


EZ- gamma lactone (Femholz) 

on oxidation of alpha-tocopherol. All of these substances were 
inactive whether fed to the young from day 15 or to the mothers on 
the day of littering (Table II). 

The resemblance in structure between vitamin Ki (V) 


o 

)1 



■ET- Vitamin Kj 

and alpha-tocopherol suggested that this substance might act as 
vitamin E but vitamin K, was also found to be inactive m the pre- 
vention of muscular dystrophy. 
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Ten eyes were reimpkmted in the orbit in Rqhq clcwiitans larvaj 
about 65 mm in length. Three died immediately after operation. 
Two eyes were severely injured at operation and were slowly 
resorbed by one month before the hosts metamorphosed. Five cases 
were sacrificed from 150 to 227 days after operation. Two of 
these were carried to metamorphosis and 3 were killed from 53 to 80 
days after metamorphosis. All eyes and their pupils were slightly 
smaller than normal at the end of the experiment. 

Histological studies showed that no degeneration was taking place 
in the eye when the hosts were killed. All retinae were slightly 
thinner than normal. They showed a reduction in the number of 
ganglion cells and the inner nuclear zone was not as deep as the 
normal. In every case the small optic nerve stump at the bulb did 
not penetrate further than the choroid coat. The optic nerve was 
completely absent from the bulb to the chiasma. The lens was 
slightly smaller but normal histologically. All other structures 
appeared normal in both the living state and in histological prepara- 
tions. The results in these older larvie seem to be about the same 
as in those of the much younger R. pipiens. 


11556 

Occurrence of Riboflavin in Tubercle Bacillus.* 

Harold R. Street! and R. E. Reeves. J (Introduced by George 

R. Cowgill.) 

From the Department of Chemistry and the Laboratory of Physiological Chemistry, 
Yale University, New Haven. 


It has been known for several years that aqueous extracts of the 
tubercle bacillus exhibit yellow fluorescence in ordinary light. We 
have attempted the purification and characterization of this yellow 
pigment. Extracts of partly defatted tubercle bacilli made with 
25 < /b alcohol showed a yellow fluorescence in ordinary light and a 
beautiful blue fluorescence in ultraviolet light. The formation of 
lumiflavin upon alkaline irradiation indicated the presence of a 

Aided bj grants from the Research Committee of the National Tuberculosis 
Association and from the Rockefeller Foundation. 

f Vitamin Research Fellow at Yale University, 1936-38. 
t Holder of a National Tuberculosis Association Fellowship at Yale UniversitT, 
1936-37. 
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Fundultis heteroclitus, 4 to 6 cm in length, was grafted in the orbit 
(32 reimplants and 20 transplants). For several days, or in some 
cases for weeks, the operated eye appeared perfectly normal. Circu- 
lation in most cases returned in 2 or 3 days and ocular movement 
was present in 10 days. The lens in some cases was slightly opaque 
as early as the tenth day. It usually broke down rapidly and in the 
living eye during the first or second month it appeared as a white 
gelatinous mass protruding through the pupil. 

At the end of a month the pupil and the eye became slightly 
smaller. The iris began to show pigment changes and during the 
second month most eyes were slowly resorbed. Throughout the 
experiment the cornea never became opaque. 

The animals were sacrified 1 to 95 days after operation. Histo- 
logical sections showed that the central region of the retina degen- 
erated rapidly, beginning on the second day. The rod and cone cells 
in this area were slightly more resistant than other layers. The 
ciliary region, so resistant in urodeles (opus cited), was still a 
complete ring of cells on the third and fourth weeks when the rest 
of the retina was a mass of debris. In one unusual case (2 reim- 
planted eyes on the same host) both eyes on the ninety-fifth day 
appeared much like the normal. The lenses were clear and undegen- 
erated and the retinas had not undergone extensive degeneration. 

Eighty-two eyes were reimplanted in the orbit in Rana pipiens 
larvae 18 mm in length. Thirty eyes sloughed out in 24 hours after 
operation. Fifty-two healed in place and circulation returned as 
early as the second day. Forty-three specimens were sacrificed from 
one to 96 days after operation for histological studies. Several were 
preserved one month after metamorphosis. The growth and size of 
many eyes equalled the normal while some were slightly smaller. Ocu- 
lar movement was observed as early as the tenth day. The cornea was 
never opaque and in only 2 instances (specimens killed on the third 
and fourth days) was the lens cloudy. Histological studies showed 
that in the region of the optic nerve the retina possessed varying 
amounts of degenerating cells during the first week. A number of 
cells were also lost throughout the ganglion cell layer. Some cells 
were lost locally in the inner nuclear zone while the rod and cone 
cells seemed to be normal. During the second week the optic nerve 
degenerated as far as the chiasma. From the second week to one 
month after metamorphosis there was no further sign of degenera- 
tion. If injuries were not extensive at operation the retina healed 
early but always carried the scar. These eyes showed very little 
capacity to regenerate even an optic nerve. This is quite different 
from the results obtained in urodeles (opus cited). 
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to Kuhn, Wagner-Jauregg and Kaltschmitt. 8 On this basis, it was 
calculated that the original dry bacilli contained 36.6 mg of flavin 
per kilo. 

Portions of dry defatted human strain A-12 and the avian tubercle 
bacillus, Hygienic Laboratory No. 531, both grown on the Long 3 
synthetic medium, were also examined for flavin pigments. The ex- 
traction and the estimation as lumiflavin were carried out as above. 
The values found corresponded to 13.0 mg of flavin in the human 
strain A-12 and 19.3 mg in the avian bacilli per kilo of original 
dry bacteria. These values can only be regarded as minimal. Living 
bacilli would undoubtedly contain larger quantities of flavin. 

Concentration of Flavin. A considerable amount of polysaccharide 
and other solid matter was removed from the aqueous solution of 
the A-14 extract by precipitation with three parts acetone and one 
part alcohol. This precipitate also contained much of the nonflavin 
fluorescing pigments which have not yet been adequately investi- 
gated. 

The supernatant solution was concentrated to 800 cc, adjusted 
to 0.1 N with H 2 S0 4 and the flavin was adsorbed by shaking with 
fuller’s earth. After elution with pyridine-methanol-water the 
concentration was continued by formation of the silver salt in the 
usual manner. Removal of the silver left 0.487 g of solid material 
containing 2 mg of flavin, determined by the irradiation procedure. 

Biological Assay. The crude flavin concentrate was assayed as 
follows: A litter of eight 21-day-old albino rats were fed ad libitum 
a basal diet, complete except for the vitamin B complex, of the 
following composition: casein 18, sucrose 73, salt mixture, Osborne 
and Mendel, 4, Crisco 2, and cod liver oil 3 parts. In addition, each 
rat received daily a rice polish extract (tikitiki) 7 equivalent to 1 g 
of rice polish. We have shown 7 that this tikitiki contains all the 
members of the vitamin B complex required by rats except riboflavin, 
of which only traces are present. 

When growth had nearly ceased, one group of rats was fed the 
bacterial flavin, one group was given crystalline riboflavin, § and a 
third group was continued on the diet without further supplement. 
The growth curves are shown in Fig. 1 and indicate that the bac- 
terial flavin possessed the same biological activity as crystalline 
riboflavin. 

o Kuhn, Wagner-Jauregg, and Kaltschmitt, Per., 1934, C7, 1452. 

7 Street and Cowgill, Am. J. Physiol., 1939, 125, 323. 

$ Obtained from the Borden Company, Bainbridge, X. Y., as crystalline lacto- 
flavin, P X grade. 
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flavin-like pigment. This pigment was partially purified, as described 
below, and fed to rats receiving a diet lacking riboflavin. The 
resulting growth response indicated that the bacterial flavin was the 
well known water-soluble vitamin, riboflavin. 1 

At the time this work was done in 1937, there were no published 
reports indicating the chemical nature of this yellow pigment of the 
tubercle bacillus. However, since that time, Boissevain, Drea and 
Schultz 2 have announced the isolation of riboflavin from the tubercle 
bacillus, identified by melting point and absorption spectrum. Our 
work on the biological activity of the pigment may be considered to 
confirm its identity as riboflavin. 

The several strains of tubercle bacilli used in this investigation 
had been grown on the Long 3 Synthetic Medium in the Biological 
Laboratories, Sharp and Dohme, at 'Glenolden, Pennsylvania. The 
material represented the dried cell residues after extraction with 
alcohol, ether and chloroform. 

The cell residues from tubercle bacilli, Strain A-14, had been 
extracted in 1934 as described by Crowder, Stodola, Pangborn, and 
Anderson. 4 For the present examination 522 g of the dried cell 
residues were digested and extracted repeatedly with 2-liter portions 
of warm 25% alcohol. The combined extracts were filtered through 
a Chamberland filter and the clear filtrate was concentrated in vacuo 
to a volume of 1076 cc. This extract contained 54.8 g of solids, 
which were mostly polysaccharides and inorganic salts, but a small 
amount of protein was present, together with other undetermined 
constituents. 

The extract showed a yellowish-green fluorescence in ultraviolet 
light. At pH 2 the fluorescence was green, but in the range of pH 
3 to 5 it was blue when irradiated with ultraviolet light. Extraction 
with chloroform or other solvents either at neutral, acid or alkaline 
reaction did not remove any fluorescent pigment. 

The amount of flavin was estimated in 2 cc of the extract by 
conversion to lumifiavin by irradiation in alkaline solution according 
to the procedure of Warburg and Christian. 0 The lumifiavin thus 
produced was extracted by chloroform from the acidified solution 
and estimated by means of the Pulfrich spectrophotometer according 

1 Kuhn, Gyorgy, and Wagner- Jauregg, Ber., 1933, 06, 576, 1034. 

2 Boissevain, Urea, and Schultz, Phoc. Soc. Exp. Biol, and Med., 1938, 30, 481. 

3 Long, Am. Rev. Inhere., 1926, 13, 393. 

4 Crowder, Stodola, Pangborn, and Anderson, J. Am. Chem. Sac., 1936, 58, 636. 

5 Warburg and Christian, Biochem. Z., 1933, 360, 377. 
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Effect of Certain Purines, and C0 2 on Growth of Strain of 
Group A Hemolytic Streptococcus,* 

A. M. Pappenheimer, Jr., and G. A. Hottle. 

From the Department of Bacteriology, School of Medicine, University of 

Pennsylvania. 


Rapid luxuriant growth of the C203S strain of Group A hemolytic 
streptococcus, equal to that occurring in broth under comparable 
conditions, has been obtained on a medium of essentially known 
composition. The complete medium is made up as follows: 

I. 40 cc of stock solution of acid hydrolyzed gelatin equivalent 
to 25% gelatin 1 are diluted with distilled water to 500 cc and 500 mg 
cystine dissolved in a few cc of dilute HC1, 3 g KH 2 P0 4 , 1 g 
Na 2 HPOi (anhydrous), and enough 5N NaOH to bring the pH to 
7.4-7.6 are added. The solution is boiled gently for 5 minutes and 
filtered. 

II. To the filtrate are added 50 mg tryptophane, 100 mg tyrosine, 
15 mg adenine sulfate, 10 mg uracil, 0.2 mg nicotinic acid, 2 mg 
synthetic vitamin B 0 ,f 0.1 mg of biotin concentrate^ and 2 cc of salt 
mixture (25 g MgSO* • 7 H s O, 20 mg MnCl 2 ' 4 H,0, 5 mg CuS0 4 , 
2 mg FeSO t - 7 H 2 0, and 2 mg ZnSO* • 7 H 2 0 made up to 100 cc 
with water containing a few drops of concentrated HC1). The 
volume is made up to 900 cc, the solution readjusted to pH 7.4-7.6, 
tubed in 9 cc amounts and autoclaved at 10 lb for 10 minutes. 

III. To each tube is added 0.1 cc of the following solutions which 
have been sterilized separately: 0.1 mg thiamin (vitamin B 4 ) per cc, 
0.05 mg riboflavin per cc, 0. 1 mg synthetic d-calcium pantothenate 
per cc, 1% neutralized thioglycollic acid containing 0.2 mg gluta- 
thione per cc and 5 mg glutamine per cc. The last three solutions 

Tho expenses of this work have been defrayed by a generous grant from the 
Commonwealth Fund. 

l Pappenheimer, A. M., Jr., and Johnson, S. J., Brit. J Exp Path 1937 
IS, 239. 

t We are greatly indebted to Merck & Co. for generous samples of synthetic 
vitamin B a and calcium pantothenate. 

t We are indebted to Dr. D. W. Woolley of the Rockefeller Institute, New York, 
for this concentrate which was prepared according to the procedure of Woolley, 
D. W., McDaniel, L. E., and Peterson, W. H., J. Biol. Chem., 1939, 131, 331. Prom 
its activity in promoting growth of Clostridium butylicum p r . Woolley estimates 
that approximately 4% of the material is actual biotin. (See also Peterson W H 
McDaniel, L. E., and McCoy, E., J. Biol. Chem., 1940, 1S3, l.\ xv .) 
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PlQ. i. 

Tbe effect of bacterial flavin and of crystalline riboflavin on the growth of rats 
fed a basal diet supplemented with rice polish extract. At point A the daily 
administration of the bacterial flavin preparation in amount calculated to supply 
40 y of flavin was begun. At point B the daily administration of 40 y of pure 
crystalline riboflavin was begun. The curves are averages. The figure in the 
circle by each curve represents the number of animals in the group. 


In view of the uniformity in growth response of the several 
animals, it appears justifiable to present the results in the form of 
curves based on averages. While the number of animals used was 
necessarily small, many other tests performed in this laboratory 
using the same basal diet, including rice polish extract alone or 
supplemented with crystalline riboflavin, have yielded results prac- 
tically identical with the curves shown above. 

The average daily gain in weight of 3.5 g daily observed in these 
experiments with a daily supplement of 40 y of riboflavin, is essen- 
tially normal growth for this strain of rats and indicates that the 
basal ration supplies adequate amounts of all nutritional essentials 
required by the rat other than riboflavin. Under these circumstances, 
any increased gain over that of the negative controls produced by a 
vitamin bearing substance should be specific for riboflavin. Since 
this work was completed one of us (H.R.S.) has used a ration, 
containing tiki tiki as a source of the B complex, for riboflavin assays 
involving the use of over 1000 rats, with entirely satisfactory results. 

Summary. The tubercle bacillus cultivated on the Long synthetic 
medium is capable of synthesizing fluorescent flavin pigment. This 
pigment, when fed to young rats, promotes growth to the same 
extent as a corresponding quantity of crystalline riboflavin. 
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TABLE I. 

Effect of Omittino- Certain Factors from Complete Medium on Growth of C203S 

Strain. 


Substance 

\ 

Amt necessary 
for optimal growth 

Mg bacterial IT 
after 40 hr 
incubation from 

10 ce X 50 

Complete medium 

— 


10-13 

No glucose 

25 

mg 

0.1 

” glutamine 

500 

US 

variable* 

’ ’ tyrosine 

1000 


3.9 

” tryptophane 

500 


0.8 

” uracil 

100 


9-9 

" adenylic acid (0 A mm COo 

tension) 100 

>J 

0.7 

" COo (COo-free air) 

8 

mm 

2.2 

’ ’ tluoglycofiic acid 

1 

mg 


’ ’ glutathione 

4 

Mg 

)?•} 

” thiamin 

0.01 


3.1 

’ ’ nicotinic acid 

1.0 

ft 

1.9 

’ ’ pantothenic acid 

10 

ft 

0.2 

’ ’ riboflavin 

0.04 


0.8 

"vitamin B a 

20 

ft 

5.9-7.1f 

" "biotin" concentrate 

1.0 

ft 

1.8 

Broth (25 mg glucose in 10 cc) 

— 


10-17 


*Xo significant growth at 20 hours without glutamine. Growth at 40 hours 
at 8 mm C0 2 tension is variable. 

tXo significant growth at atmospheric COo tension without vitamin Bg. 


C203S for adenine or related compounds. If purine is omitted from 
the complete medium no growth occurs within 40 hours. Addition 
of adenine permits growth to occur. Adenine may be replaced by 
adenosine or adenylic acid, by guanine, guanosine or guanylic acid 
and by xanthine or hypoxanthine. It cannot be replaced by uric 
acid, caffein or theophylline or by the pyrimidines uracil and cytosine. 
Subbarow and Rane 3 have reported that certain of the above 
purines “may be of significance” in the growth of the N.Y. No. 5 
strain of hemolytic streptococcus. Mclhvain 1 has included a number 
of purines in his medium on general grounds and Moller 7 has shown 
that adenine or guanine but not xanthine or hypoxanthine increase 
the growth of Lactobacillus plantarum. 

The purine requirement of strain C203S was discovered before all 
of the other growth factors had been identified. Upon reexamining 
the purine requirements using the more defined medium given in 
detail above, it was noted that the presence of 5% carbon dioxide in 
the atmosphere above the culture greatly accelerated growth and 
the surprising observation was made that even when purine was 
absent growth occurred. We therefore examined the effect of 
carbon dioxide in some detail and in Table II are shown some of the 


' Holler, E. F., Physiol. Chem., 1939, 300, 24G. 
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are sterilized by filtration. Finally, 0.5 cc of 5% glucose containing 
0.04% CaCU ' 2 H..0 is added to each tube. 

IV. The inoculum consists of one drop of 6-8-hour broth culture 
of C203S which has been twice washed with saline and then made 
up to slight turbidity with saline. Tubes are incubated under 8 mm 
CO, tension in air for 40 hours. The amount of growth is deter- 
mined with a photoelectric colorimeter and the readings correlated 
with standard suspensions of known bacterial nitrogen content. 

The effect of omitting each of the above factors in turn from the 
complete medium is listed in Table I. Figures in the second 
column indicate the minimum amount of substance necessary for 
optimum growth in 10 cc of medium. 

All the substances listed in Table I are essential for rapid growth 
with the exception of uracil. Uracil, while not essential, appears 
to increase growth slightly. 

In the complete medium the limiting factor appears to be glucose. 
Addition of more glucose will increase growth proportionately until 
sufficient acid has been produced to kill the organisms. 

The need for pantothenic acid and riboflavin agrees with the 
results of Rane and Subbarowy" 3 , Mclhvain, 4 , and Woolley and 
Hutchings 5 using other strains. The necessity of glutamine for 
rapid growth confirms the work of Mclhvain et al.° In agreement 
with Mclhvain we have found that glutathione is not essential 
provided the thioglycollic acid concentration is increased to 10~ 3 
molar in the final medium. Our findings with respect to vitamin 
would also seem to confirm those of Mclhvain and of Woolley and 
Hutchings 6 on Group D strains. Thiamin has not previously been 
reported essential for growth of hemolytic streptococcus. While it 
does not seem improbable that biotin is necessary for growth of the 
C203S strain, this cannot be regarded as certain until pure biotin 
becomes available for test. It is also possible that some other essen- 
tial factor may be present as impurity in the gelatin or in the glu- 
tamine, both of which were prepared from natural sources. This 
seems unlikely in view of the good growth obtained. 

We have been particularly interested in the requirement of strain 

2 Bane, L., and Subbarow, Y,, Pace. Soc. Exp. Biol, axd Med., 1938, 38, 837. 

3 Subbarow, Y., and Bane, L., •/. Am. Chem. Soc., 1939, 01, 1616. 

4 Mdlwain, H., Brit. J. Exp. Path., 1939, 20, 330; Brit. J. Exp. Path., 1910, 
21 , 25. 

5 Woolley, B. W., and Hutchings, B. L., J. Bad., 1939, 3S, 285. 

0 Mcllwain, H., Fildes, P., Gladstone, G. P., and Knight, B. C. J. G., Biochem. J., 

1939, 33, 223. 
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growth occurs under anaerobic conditions unless uracil is added. In 
the presence of oxygen uracil is non-essential. 

The C203S strain of streptococcus is a powerful hemolytic strain. 
In our experience hemolytic titers on this medium are equivalent to 
those obtained in broth, provided care is taken to avoid accumula- 
tion of acid during growth. The growth and hemolysin titer may 
be increased by addition of more glucose to the medium and periodic 
neutralization of the acid formed. However, preliminary work in 
this direction indicates that some factor, as yet unidentified, becomes 
the limiting one under these conditions. 

Summary. Rapid, heavy growth and hemolysin production of 
the C203S strain of Group A hemolytic streptococcus have been 
obtained on a medium of essentially known composition. In addition 
to factors reported by previous workers, we have found that thiamin, 
nicotinic acid, adenine or related purines, and an unknown factor 
which may possibly be biotin are necessary for growth of this strain. 
The relation of carbon dioxide tension to the purine requirement 
has been studied. 
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Modifying Influence of Light on Chick’s Comb Response to 

Androsterone. 

William F. Starkey, Robert C. Grauer and Eleanor Safer. 
(Introduced by S. R. Haythorn.) 

From, the Department of Research in Endocrinology and Metabolism, William H. 
Singer Memorial Sesearch Laboratory, Allegheny General Hospital, Pittsburgh. 

The assaj of androgenic material by biologic methods offers 
definite advantages over colorimetric determinations when we con- 
sider that in measuring the 17 ketosteroids by chromogenic effect 
we are determining both biologically active and inactive material. 1 
In many cases the important consideration is, to what degree is 
biological activity present in a given specimen. In consequence of 
this, we made comparisons of colorimetric 2 and biologic determina- 
tions in some of our studies. The comb response of one-day-old 

i Callow, N. H., Callow, R. K., Emmons, C. W., and Stroud, S. W., J. Endo., 
11)39, 1, 7G. 

- Neustadt, Rudolph, Endo., 1933, S3, 711. 
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TABLE II. 

Effect of Adenylic Acid on Growth of Strain C203S at Different Carbon Dioxide 

Tensions. 


No adenylic acid Adenylic acid, 10 /ig/ee 
Carbon dioxide tension , , , , 


(mm Hg) 

20 hr 

40 hr 

20 hr 

40 hr 

CO—frce air 

— 

0.3 

— 

2.2 

'0.4 

0.0 

0.7 

1.9 

6.8-8.2 1 

jU 

0.1 

0.7 

3.1 

8.4 

2.4 

0.15 

3.8 

3.0 

9.1 

4.3 

0.15 

9.0 

10.9 

10.1 

8 

1.4 

9.1 

11,3 

10.4 

20 

1.0 

9.2 

9.6 

10.8 

40 

10.1 

12.2 

12 2 

12.4 

8 mm CO-, 730 mm nitrogen, 
no oxygen 

— 

12.5 

— 

12.5 


•Growth is quite variable at atmospheric CO- tension which has been assumed 
to bo 0.4 mm Hg. 

Note that readings at 20 and 10 hours were from different experiments in 
different tubes. Growth is given as milligrams bacterial nitrogen per 10 ec X ^0. 
I'igures represent averages of at least 2 tubes. 

The oxygen tension was kept constant at 120 mm throughout except in the 
ansrobic experiments and those done at atmospheric CO- tensions. The gas 
pressure was made up to 740 mm with nitrogen in each case. 

results at different CO- tensions with and without adenylic acid. It 
will be noted that maximal growth when adenylic acid is present 
occurs within 20 hours provided the CO- tension is 4 mm or greater, 
that no significant growth occurs even after 40 hours’ incubation in 
the absence of adenylic acid when the CO- tension is below 2 mm and 
that even when the CO- tension is high, a small but consistent increase 
in growth is apparent at 40 hours when adenylic acid is added to the 
medium. It has been observed that the bicarbonate ion cannot 
replace carbon dioxide when no purine is present. However, in the 
presence of both adenylic acid and bicarbonate, any slight growth 
of the organisms may liberate sufficient carbon dioxide through 
action of the acid produced to accelerate growth. These observa- 
tions on the accelerating effect of carbon dioxide are in harmony 
with those of other workers 8 and indeed Mcllwain 4 grew his cultures 
in 5 Yo carbon dioxide. 

At present we have no clue as to the significance of these findings. 
Whether carbon dioxide is necessary for purine synthesis or whether 
purine plays a role in the production of carbon dioxide by the organ- 
isms cannot be decided at this time. We may point out, however, 
that a somewhat analogous situation has been reported in the case of 
Staphylococcus aureus by Richardson. 9 With this organism no 

S Gladstone, G. I'., Tildes, P., and Richardson, G. H., Brit. J. Exp. Bath., 1935, 
16 335 * 

’s Richardson, G. H., Biochem. J., 1936, 30, 2184. 
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growth occurs under anaerobic conditions unless uracil is added. In 
the presence of oxygen uracil is non-essential. 

The C203S strain of streptococcus is a powerful hemolytic strain. 
In our experience hemolytic titers on this medium are equivalent to 
those obtained in broth, provided care is taken to avoid accumula- 
tion of acid during growth. The growth and hemolysin titer may 
be increased by addition of more glucose to the medium and periodic 
neutralization of the acid formed. However, preliminary work in 
this direction indicates that some factor, as yet unidentified, becomes 
the limiting one under these conditions. 

Summary. Rapid, heavy growth and hemolysin production of 
the C203S strain of Group A hemolytic streptococcus have been 
obtained on a medium of essentially known composition. In addition 
to factors reported by previous workers, we have found that thiamin, 
nicotinic acid, adenine or related purines, and an unknown factor 
which may possibly be biotin are necessary for growth of this strain. 
The relation of carbon dioxide tension to the purine requirement 
has been studied. 
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Androsterone. 

William F. Starkey, Robert C. Grauer and Eleanor Sater. 
(Introduced by S. R. Haythorn.) 

From the Department of Research in Endocrinology and Metabolism, William H. 
Singer Memorial Research Laboratory, Allegheny General Hospital, Pittsburgh. 

The assaj of androgenic material by biologic methods offers 
definite advantages over colorimetric determinations when we con- 
sider that in measuring the 17 ketosteroids by chromogenic effect 
we are determining both biologically active and inactive material. 1 
In many cases the important consideration is, to what degree is 
biological activity present in a given specimen. In consequence of 
this, we made comparisons of colorimetric 2 and biologic determina- 
tions in some of our studies. The comb response of one-day-old 

l Callow, N. H., Callow, R. K., Emmons, C. W., and Stroud, S. W., J. Endo., 
1939, 1, 76. 

- Neustadt, Rudolph, Endo., 193S, 23, 711. 
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chicks, previously reported by Dorfman and Greulich, 3 Emmens, 1 
and F rank and Klempner, 3 was employed as the method of studying 
biologic response. During the preliminary plotting of our curves, 
to establish normal average response to known dosage, it was recog- 
nized by us that light played an extremely important role as a 
modifying factor in the weight response of the chick’s comb. 
Though this factor has been observed in the capon, 6 we have found 
no mention in the literature regarding the baby chick. It is, there- 
for, of paramount importance that the influence of light be recog- 
nized and taken into account by workers who have adopted the 
chick comb weight method for the assaying of androgens. 

The 309 white leghorn male chicks used in our experiment were 
procured from the same hatchery on the day of hatching. All chicks 
used were hatched during the first 3 weeks of April. When the 
chicks were one day old, daily inunction of the combs was begun 
and continued for 6 days. The combs were removed and weighed 
on the day following cessation of treatment and the weights of the 
birds also were noted. Removal of the comb was accomplished 
by making lateral and posterior incisions at the base of the comb 
of the anesthetized chicks and by grasping the anterior end with 
forceps and stripping the comb off dorsally. All combs were re- 
moved by the same individual. 

Daily treatment consisted of spreading 0.01 cc of sesame oil over 
the surface of the comb. This was easily accomplished with ac- 
curacy by the use of a micro-titrating pipette calibrated in 0.002 cc 
divisions and which had the tip bent at a right angle. This amount 
of oil contained from 0.5 to 50.0 y of androsterone* and was applied 
at each inunction to groups of from 5 to 14 chicks. The doses used 
in the various groups are indicated in Fig. 2 and 3. The oil applied 
was absorbed within about 10 minutes, during which period the 
chicks on each dose were kept separated to prevent contamination 
through contact. Control animals which received only sesame oil 
were kept in separate cages. 

The chicks were divided into 4 groups, each group being exposed 
to varying degrees of light and darkness. One hundred and five 

4 Dorfman, B. I., and Greulicl), W. W., Yale J. Biol, and Med., 1937, 10, 79. 

i Emmens, C. W., Med. Bes. Council “Beports on Biological Standards — V,” 


1939. 

5 Frank, B. T., and Klempner, E., Proc. Soc. Exp. Biol, and Med., 1937, 
36, 763. 

0 Womack, E. B., Kocli, F. C., Domm, L. V., and Juhn, M., J. Pharm. Exp. 
'IjtcTc.p.j 1931, ‘11, 173. 

* The androsterone in this study was kindly supplied to us by Dr. Ernst Oppen- 
lieimer of Ciba Pharmaceutical Products, Inc. 
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animals were maintained in a large incubator in total darkness, 
being brought into daylight only during the period of treatment 
which did not exceed one hour per day. Thirty-three chicks were 
placed in a room where they received very little natural light, re- 
ferred to as “subdued”. Ninety-one animals were placed in a large, 
well-lighted, airy room where both natural and artificial light was 
adequate and in which the cage was so located that all the chicks 
received approximately the same amount of light. The last group 
of 100 chicks was placed in total darkness for the first 3 days of 
treatment and were then placed in the same room as the chicks of 
Group 3 for the second 3 days. Although a mortality of approx- 
imately 50% was noted among the groups kept under deficient 
lighting conditions, only 5% died when the animals were kept in 
adequate light. The numbers of animals referred to above repre- 
sent the surviving members of each group. 

The effect of the various light conditions may be seen in Fig. 1 
where the average body weights of each group, taken at the seventh 
day, have been presented. The inhibition to body growth, due pre- 
sumably to inadequate light, is clearly seen where a direct correla- 
tion between the amount of light the chick received and the body 
weight is made. The influence of light alone on the body growth 
of chicks had been previously reported. * * * * 7 The body weights of each 

["NORMAL LIGHT -61.5 gm.| 


| SUBDUED LIGHT - 53.5 gm. | ; j ”j 


DARK 3 days- LIGHT 3 days- 


AVERAGE BODY YffilGHTS OF CHICKS 

UNDER VARIOUS CONDITIONS OF LIGHT 

Fig. 1. 


7 Borie, W. T., Boston lied , and Surg . J., 1925, 103, 3035. 
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chicks, previously reported by Dorfman and Greulich, 3 Emmens, 4 
and Frank and Klempner, 5 was employed as the method of studying 
biologic response. During the preliminary plotting of our curves, 
to establish normal average response to known dosage, it was recog- 
nized by us that light played an extremely important role as a 
modifying factor in the weight response of the chick’s comb. 
Though this factor has been observed in the capon, 6 we have found 
no mention in the literature regarding the baby chick. It is, there- 
for, of paramount importance that the influence of light be recog- 
nized and taken into account by workers who have adopted the 
chick comb weight method for the assaying of androgens. 

The 309 white leghorn male chicks used in our experiment were 
procured from the same hatchery on the day of hatching. All chicks 
used were hatched during the first 3 weeks of April. When the 
chicks were one day old, daily inunction of the combs was begun 
and continued for 6 days. The combs were removed and weighed 
on the day following cessation of treatment and the weights of the 
birds also were noted. Removal of the comb was accomplished 
by making lateral and posterior incisions at the base of the comb 
of the anesthetized chicks and by grasping the anterior end with 
forceps and stripping the comb off dorsally. All combs were re- 
moved by the same individual. 

Daily treatment consisted of spreading 0.01 cc of sesame oil over 
the surface of the comb. This was easily accomplished with ac- 
curacy by the use of a micro-titrating pipette calibrated in 0.002 cc 
divisions and which had the tip bent at a right angle. This amount 
of oil contained from 0.5 to 50.0 y of androsterone* and was applied 
at each inunction to groups of from 5 to 14 chicks. The doses used 
in the various groups are indicated in Fig. 2 and 3. The oil applied 
was absorbed within about 10 minutes, during which period the 
chicks on each dose were kept separated to prevent contamination 
through contact. Control animals which received only sesame oil 
were kept in separate cages. 

The chicks were divided into 4 groups, each group being exposed 
to varying degrees of light and darkness. One hundred and five 

3 Dorfman, K. I., and Greulicb, W. W., Tale J. Biol. and Med., 1937, 10, 79. 

•J Emmens, C. W., Med. Kes. Council “Reports on Biological Standards — V,” 


1939. 

o Prank, R. T., and Klempner, E-, Proc. Soc. Exp. Biol, and Med., 1937, 
3€, 763. 

0 Womack, E. B., Koch, F. C., Domra, L. V., and Jukn, M., J. Pharm. Exp. 
; Therap ., 1931, 41, 173. 

» The androsterone in this study was kindly supplied to us by Dr. Ernst Oppen- 
keimer of Ciba Pharmaceutical Products, Inc. 
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Fig. 3. 

Comb Weight Body Weight Batio Curve as Influenced by Altered Light Intensity. 

In Fig. 3, the ratios of average comb weight over the average 
body weight have been plotted against the daily dose. Consideration 
of the comb weight in relation to body weight tends to remove some 
of the variations occurring when the comb weights alone arc con- 
sidered. 

It becomes evident that two variable factors influence the growth 
cf the combs of chicks; namely, the amount of androgenic material 
employed, and the intensity of the light to which the chicks are ex- 
posed. The light factor must, therefore, be made constant and of 
adequate intensity. With the changing seasons of the year, this 
must be borne in mind and due corrections made if a constant 
response is to be secured and sources of error are to be reduced to a 
minimum. Disregard of the amount of light available to the chicks 
may easily explain the discrepancies in results obtained by various 
workers. It is not within the province of this report to postulate 
whether the stimulating influence of androsterone is inhibited by the 
lack of light, but it is evident there is sufficient physiological inhibi- 
tion to the animal organism so that it acts as a factor in preventing 
proper response. 

Summary. Exposure to varying degrees of light influenced the 
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level of glomerular filtration and that the filtration rate is fairly 
constant at low and high rates of urine formation. 4 

Alving and Miller have shown that after the intravenous injection 
of inulin (10 g in adults) the plasma inulin concentration, plotted 
logarithmically against time, decreased at first in a curvilinear man- 
ner, later falling, however, in a linear or almost linear relationship 
with time. The curvilinear relationship marks, presumably, the 
period of equilibration between the blood and plasma and the extra- 
cellular fluids. The straight line relationship follows because once 
equilibrium has been established the rate of fall of the plasma inulin 
level is determined by the rate at which inulin is cleared from the 
plasma by the kidneys. Since inulin is quantitatively excreted in the 
urine after intravenous injection, and since, as previously stated, 
the inulin clearance is independent of the rate of urine formation, 
the rate of fall of the inulin in the plasma after the straight line 
relationship has been established should have a direct relationship 
with the clearance, and it should be possible to relate the slope of 
this line to the clearance. The determination of the slope of this 
line is the basis for the method here proposed for the estimation of 
glomerular filtration rate. 

The method is applied as follows : a blood sample is obtained which 
serves to correct subsequent blood inulin analyses for the non-inulin 
chromogenic material. 0.15 g of inulin per kilo body weight is 
injected intravenously. At approximately 2 and 3 hours after the 
completion of the injection blood samples are drawn. The exact 
times of the injection and the drawing of the second and third 
samples are noted. The inulin content of the 2 samples of blood is 
determined. On semi-logarithm paper the 2 blood samples are 
plotted on the logarithmic coordinate against time on the linear 
coordinate. A straight line is drawn between these 2 points, and 
the slope of the line determined by the formula: 

K - log C 
slope = — 

t 

where K is a constant whose value is determined by extending the 
line to zero time and taking the log of the concentration at this point; 
C is the plasma inulin concentration in mg % at any given time, t, 
in minutes, after the inulin injection. 

The relation of the slopes of the lines obtained above to inulin 
clearance as actually determined is shown in Fig. 1. The dots rep- 

* Smith, II. t\., The Physiology of the Kidney , Oxford University Preas, New 
ork, 1937. 
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weight response of male chicks’ combs to which androsterone had 
been applied by inunction. The weight response of the combs to 
androgenic stimulation is considerably greater in birds receiving 
normal daylight than in those kept in the dark or in inadequate light. 
Body weights of the various groups indicate a lack of growth which 
is in direct correlation to the lack of light. The importance of 
exposing the test birds to an adequate and a constant source of light 
is emphasized if this method is to be used for the assay of unknown 
androgens. 
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Renal Physiology in Infants and Children: I. Method for Esti> 
mation of Glomerular Filtration Rate. 

Henry L. Barnett. (Introduced by Peter Heinbecker.) 

.From the Department of Pediatrics, Washington- University School of Medicine, 
and the St. Louis Children’s Hospital. 

The more exact methods for estimation of kidney function have 
been quite successfully employed in older children, 1 but they have 
not been very widely applicable to infants because of the obvious 
difficulties in obtaining complete urine specimens. Schoenthal and 
his coworkers' studied the urea clearance in 9 normal infants rang- 
ing in age from 2 to llj4 months and concluded that the urea 
clearance corrected for surface area agreed with the values ob- 
served by Van Slyke and his coworkers for older children and adults, 
which indicated to them that renal function measured by the ability 
to excrete urea is as well developed in infants as in later life. Their 
studies d'd not include, however, the investigation of renal function 
during very early postnatal life. The method to be described here 
originated in an attempt to study the renal physiology during the 
newborn period. The single injection inulin clearance test proposed 
by Alving and Miller 3 seemed especially applicable to this problem. 
Inulin clearances seemed preferable to urea clearances for this study 
since it has been well established that the inulin clearance is at the 

1 Cullen, G. E., Nelson, W. E., and Holmes, F. E., J. Clin. Invest., 1935. 14, 563. 

2 Schoenthal, L., Lurie, D., and Kelly, M., Am. J. Dis. Child., 1933, 43, 41. 

3 Airing. A. S., and Miller, B. F., A Practical Method for the Measurement of 
Glomerular Filtration Bate (Inulin Clearance), to be published. 
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level of glomerular filtration and that the filtration rate is fairly 
constant at low and high rates of urine formation. 4 

Alving and Miller have shown that after the intravenous injection 
of inulin (10 g in adults) the plasma inulin concentration, plotted 
logarithmically against time, decreased at first in a curvilinear man- 
ner, later falling, however, in a linear or almost linear relationship 
with time. The curvilinear relationship marks, presumably, the 
period of equilibration between the blood and plasma and the extra- 
cellular fluids. The straight line relationship follows because once 
equilibrium has been established the rate of fall of the plasma inulin 
level is determined by the rate at which inulin is cleared from the 
plasma by the kidneys. Since inulin is quantitatively excreted in the 
urine after intravenous injection, and since, as previously stated, 
the inulin clearance is independent of the rate of urine formation, 
the rate of fall of the inulin in the plasma after the straight line 
relationship has been established should have a direct relationship 
with the clearance, and it should be possible to relate the slope of 
this line to the clearance. The determination of the slope of this 
line is the basis for the method here proposed for the estimation of 
glomerular filtration rate. 

The method is applied as follows : a blood sample is obtained which 
serves to correct subsequent blood inulin analyses for the non-inulin 
chromogenic material. 0.15 g of inulin per kilo body weight is 
injected intravenously. At approximately 2 and 3 hours after the 
completion of the injection blood samples are drawn. The exact 
times of the injection and the drawing of the second and third 
samples are noted. The inulin content of the 2 samples of blood is 
determined. On semi-logarithm paper the 2 blood samples are 
plotted on the logarithmic coordinate against time on the linear 
coordinate. A straight line is drawn between these 2 points, and 
the slope of the line determined by the formula : 

K - log C 
slope = 

t 

where K is a constant whose value is determined by extending the 
line to zero time and taking the log of the concentration at this point; 
C is the plasma inulin concentration in mg % at any given time, t, 
in minutes, after the inulin injection. 

The relation of the slopes of the lines obtained above to inulin 
clearance as actually determined is shown in Fig. 1. The dots rep- 

* Smith, II. \\ ., The Physiology of the Kidney, Oxford Cniversitr PrcoS, New 
V ork, 1937. 
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resent data on children ranging in age from 5 to 15 years. The 
inulin clearances corrected for body size were done according to the 
technic described by Alving and Miller 4 and the inulin determina- 
tions by the method of Alving, Rubin, and Miller. 3 Each point 
represents the average of 2 consecutive periods. The open circles 
represent points calculated from the data of Alving and Miller. 4 
A fairly good relationship is shown to exist between the 2 factors. 



Fig. 1. 

Belatiou of iuulia clearances to slopes of lines representing fall in plasma inulin 
concentration following intravenous injection of inulin. Dots represent data on 
children from 5 to la years. Circles represent points calculated from the data 
of Alving and Miller. For explanation of crosses see text. 


The slope of the line obtained as described appears to offer a fair 
estimation of the rate of glomerular filtration. The method would 
seem to be of value in instances in which the collection of urine 
specimens is very difficult and in which the error in collecting urines 
is probably greater than the errors inherent in the method. This 
would apply particularly to very young infants. 

The application of this method to 7 apparently normal full-term 
newborns ranging in age from 4 to 9 days revealed slopes cor- 
responding to inulin clearances ranging from 20 to 40% of normal 
( 120 cc per minute). The slopes of these lines are plotted on Fig. 1 
as crosses along the general line of the graph. The lines are shown 
as Group I in Fig. 2. That a straight line relationship in the de- 
crease of the plasma inulin concentration, plotted logarithmically 
against time, does exist in newborns after an intravenous injection 
and Mll'ler, B. 
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Lines obtained in different age groups by plotting plasma inulin concentrations 
logarithmically against time following intravenous injection of inulin. 


of inulin is shown in Fig. 2 in which 3 points on the line were ob- 
tained in 2 instances (lines a and b ). The lines obtained in 4 older 
infants ranging in age from 14 days to 7)4 weeks and apparently 
without kidney disease (Group II) and the lines obtained by re- 
peated determinations on 2 children 6 and 10 years of age (Group 
III) are also plotted on Chart 2. The slopes of the lines obtained 
on Group II correspond to clearances ranging from 50 to 90% of 
normal, and the slopes of the lines of Group III correspond to normal 
clearances. These results suggest a definitely diminished inulin 
clearance in newborns, which rapidly disappears during early in- 
fancy, perhaps in some cases as early as the 14th day. These results 
correlate with the histological characteristics of the renal glomerulus 
in early postnatal life, a recent study of which is reported by Gruen- 
wald and Popper, 0 who showed that in embryonic life there exists a 
resistance against filtration due to a matting together of the glomeru- 
lar loops which are invagiiiated in a sac of high columnar epithelium. 


c Grueuwald, P., and Popper, H., J. Urol., 1940, 43, 452. 
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resent data on children ranging in age from 5 to 15 years. The 
inulin clearances corrected for body size were done according to the 
technic described by Alving and Miller 4 and the inulin determina- 
tions by the method of Alving, Rubin, and Miller. 5 Each point 
represents the average of 2 consecutive periods. The open circles 
represent points calculated from the data of Alving and Miller. 4 
A fairly good relationship is shown to exist between the 2 factors. 
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Relation of inulin clearances to slopes of lines representing fall in plasma inulin 
concentration following intravenous injection of inulin. Dots represent data on 
children from 5 to 15 years. Circles represent points calculated from the data 
of Alving and Miller. For explanation of crosses see text. 


The slope of the line obtained as described appears to offer a fair 
estimation of the rate of glomerular filtration. The method would 
seem to be of value in instances in which the collection of urine 
specimens is very difficult and in which the error in collecting urines 
is probably greater than the errors inherent in the method. This 
would apply particularly to very young infants. 

The application of this method to 7 apparently normal full-term 
newborns ranging in age from 4 to 9 days revealed slopes cor- 
responding to inulin clearances ranging from 20 to 40% of normal 
( 120 cc per minute). The slopes of these lines are plotted on Fig. 1 
as crosses along the general line of the graph. The lines are shown 
as Group I in Fig. 2. That a straight line relationship in the de- 
crease of the plasma inulin concentration, plotted logarithmically 
auainst time, does exist in newborns after an intravenous injection 
and Miller, B. F., J. Biol. Ghem~ 1939, 127, 609. 
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Fig. 2. 

Lines obtained in different age groups by plotting plasma inulin concentrations 
logarithmically against time following intravenous injection of inulin. 


of inulin is shown in Fig. 2 in which 3 points on the line were ob- 
tained in 2 instances (lines a and b). The lines obtained in 4 older 
infants ranging in age from 14 days to 7 J /s weeks and apparently 
without kidney disease (Group II) and the lines obtained by re- 
peated determinations on 2 children 6 and 10 years of age (Group 
III) are also plotted on Chart 2. The slopes of the lines obtained 
on Group II correspond to clearances ranging from 50 to 90% of 
normal, and the slopes of the lines of Group III correspond to normal 
clearances. These results suggest a definitely diminished inulin 
clearance in newborns, which rapidly disappears during early in- 
fancy, perhaps in some cases as early as the 14th day. These results 
correlate with the histological characteristics of the renal glomerulus 
in early postnatal life, a recent study of which is reported by Gruen- 
wald and Popper, 0 who showed that in embryonic life there exists a 
resistance against filtration due to a matting together of the glomeru- 
lar loops which are invaginated in a sac of high columnar epithelium. 


i: Gruemxald, P., and Popper, H., J. Urol., 1940, 43, 452. 
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resent data on children ranging in age from 5 to 15 years. The 
inulin clearances corrected for body size were done according to the 
technic described by Alving and Miller 4 and the inulin determina- 
tions by the method of Alving, Rubin, and Miller. 5 Each point 
represents the average of 2 consecutive periods. The open circles 
represent points calculated from the data of Alving and Miller. 4 
A fairly good relationship is shown to exist between the 2 factors. 
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children from 5 to 15 years. Circles represent points calculated from the data 
of Alving and Miller. For explanation of crosses see text. 


The slope of the line obtained as described appears to offer a fair 
estimation of the rate of glomerular filtration. The method would 
seem to be of value in instances in which the collection of urine 
specimens is very difficult and in which the error in collecting urines 
is probably greater than the errors inherent in the method. This 
would apply particularly to very young infants. 

The application of this method to 7 apparently normal full-term 
newborns ranging in age from 4 to 9 days revealed slopes cor- 
responding to inulin clearances ranging from 20 to 40% of normal 
(120 cc per minute). The slopes of these lines are plotted on Fig. 1 
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as Group I in Fig. 2. That a straight fine relationship in the de- 
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Experimental. The Criterion. The phenomenon of bloody tear 
flow in rats occurs within 2-5 minutes after an intraperitoneal in- 
jection, usually following salivation and clear tears ; and it is almost 
instantaneous with an intravenous injection of effective doses. If 
salivation and clear tears are absent within 2-5 minutes after injec- 
tion, usually bloody tears never flow. In the borderline cases, the 
naked eye may fail to recognize bloodiness in the tear, but with 
filter paper a slight tinge of red may be detected. In such a case, 
chromodacryorrhea is considered to be rn. 

Animals. For intraperitoneal injections, rats of any size, sex 
and age are used ; but for intravenous injections, young rats weighing 
100-200 g are chosen. For intravenous injection, the tail is care- 
fully washed, immersed in warm water and immediately the solu- 
tion is injected into the caudal vein by means of a 27 gauge needle 
with a tuberculin syringe.! The same rats can be used repeatedly 
if the}’ are injected only once a day. 

Escrine Treatment. Preliminary experiments on optimum condi- 
tions for eserinization of rats show that an intraperitoneal injection 
of 50 y eserine sulfate per 100 g body weight is best for both intra- 
peritoneal and intravenous injections of acetylcholine. In either 
case, an acetylcholine solution is injected after the eserine effect 
becomes obvious (5-10 minutes). A convenient solution for eserin- 
ization is prepared by dissolving 10 mg of eserine sulfate in 20 cc 
H 2 0, 0.1 cc of which contains 50 y, the exact quantity necessary for 
each 100 g body weight. 

The Minimum Chromodacryorrhetic Doses. The chromodacryor- 
rhetic response was determined for 4 different cases, intraperitoneal 
injection with and without eserine and intravenous injection with 
and without eserine. The minimum effective doses chosen are those 
amounts with which a majority of rats shed bloody tears from both 
eyes detectable with the naked eyes without the aid of filter paper. 
They are expressed as the weights of acetylcholine iodide on the basis 
of 100 g body weight of the rats. The results of these experiments 
are given in Table I, in which the value for intraperitoneal dosage 
without eserine represents an average, as one naturally expects a 
wider variation under this condition. Freud states the normal 
effective dose (intraperitoneal) in rats of 100-120 g to be =6 mg, 
which we presume to be of the iodide and to mean that the minimal 
dosages are around 6 mg. 

The fact that the rat is more sensitive to intravenous injection 

t Thanks are due to Dr. A. R. Sabin for his kind suggestions as to technic of 
intravenous injection in rats. 
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In early postnatal life the peaks of the loops are still covered by tins 
type of epithelium, while in the second year the histological appear- 
ance is similar to that of the adults. 

Further studies are needed to prove the validity of this observation 
and to further elucidate its mechanism. 
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Chromodacryorrhea, a New Criterion for Biological Assay of 

Acetylcholine. 

Shiko Tashiro, Carl C. Smith, + Elizabeth Badger and 
Edward Kezur. 

from the Department of Biochemistry, CoUege of Medicine, The University of 

Cincinnati. 

The peculiar phenomenon of the shedding of bloody tears by rats 
was reported in connection with the studies of dacryorrhetin, a 
compound prepared from muscle. 1 ’ - This phenomenon is so unique 
and easily distinguishable from ordinary iacrimation that the term, 
chromodacryorrhea, is proposed for it It has served as a very 
convenient criterion for the biological assay of dacryorrhetin. 

When Selye 3 published a paper in which he quotes Freud’s ob- 
servation* that acetylcholine causes rats to shed tears tinged red 
by blood, f one of us (T) examined chromodacryorrhetic and other 
properties of acetylcholine to see if dacryorrhetin could be in reality 
acetylcholine 3 The results of these investigations showed that 
these two compounds are not identical and at the same time sug- 
gested a possibility of using chromodacryorrhea as a new criterion 
for a biological assay of acetylcholine We have thus determined 
how small amounts of acetylcholine can be detected accurately by 
this criterion under different conditions 

* Charles Arnold Iglauer Fellow in Biochemistry 

1 Tashiro, Slnro, and Stix, Helen, Biol Bull , 1935, G4, 327 

2 Tashiro, Shiro, Proc Am Soc Bwchcm , 1937, 8, xcuii 

3 Sell e, Hans, Canadian Med Assn J , 1937, 36, 200 

4 Freud, J , Acta Breua Neerl , 1933, 3, 159 

t Although no casual obsener would question the piesence of blood m tears, 
and it gnes a positne benzidine leaetion and its bands are much like those of 
oxyhemoglobin when examined with a hand spectroscope, yet Tashiro and Badger 
ha\e evidence that the red pigment in the bloodx tears is not ov> hemoglobin 

a Tashiro, Shiro, Kongressbeiieht II des XVI Internal Phy siologenkongress 

1938, 10. 
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Individual Variation of Rats. One should remember that oc- 
casionally he will find a rat which does not respond to dosages several 
times as large as the minimal effective dose. These variations must 
be due to the abnormal condition of Harder’s glands, as one occa- 
sionally finds one or both glands lacking in some rats. There will be 
also a slight variation around the minimal dosage. Thus, if a large 
number of eserinized rats are injected intravenously with 0.2 7 
acetylcholine iodide, there will be some which fail to shed bloody 
tears, although usually all will shed them with 0.3 7 dose. This 
variation is not due to a difference in sex or age. It is not probably 
due to variation in the esterase activity since a similar variation 
does occur when examined with the minimal dose of another choline 
derivative which is not destroyed by esterase. It is most likely due 
to a physiological condition of the glands, in which a slight change 
might be sufficient to produce a different response to the minimal 
dose. In any event, by selecting the minimum dosages in which the 
majority of rats shed' bloody tears, this variation can be ignored. 

Specificity of This Test. Chromodacryorrhea is not a specific test 
for acetylcholine any more than other methods of biological assay 
of acetylcholine. According to Freud, 0.5-1 mg of pilocarpine gives 
the reaction, but 20-80 mg of choline have no effect. We also find 
that choline and eserine do not produce chromodacryorrhea, al- 
though we noticed a few cases in which the animals shed the bloody 
tears during their death struggle following injection of very high 
toxic dosages of these compounds. Such rare cases will not in- 
terfere with the assay, for a mere dilution will eliminate the reac- 
tion. A powerful chromodacryorrhetic action of dacryorrhetin, 
although prepared from muscle, should not interfere with this test 
in a tissue analysis for acetylcholine, as this substance exists in the 
body as prodacryorrhetin which has no chromodacryorrhetic action. 
If necessary, one can easily distinguish dacryorrhetin from acetyl- 
choline by comparing the effective doses with and without eserine, 
as the action of the former will not be appreciably enhanced by 
eserine. 

Summary. 1. By using chromodacryorrhea, the phenomenon of 
the shedding of bloody tears by rats, as a criterion, acetylcholine can 
be detected in as small amount as 0.2 7. 2. Since there are 4 ranges 
of minimal dosages detectable with this phenomenon, from 2 mg to 
0.2 7, depending on the mode of injection and treatment, this same 
criterion can be used for a wide range of concentration of acetyl- 
choline with accuracy. 
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TABLE I. 


Minimal Chromodacryorrlietic Dosages of Acetylcholine Iodide, Calculated on the 
Basis of 100 g Body Weight of Bats. 


Mode of injection 

Without eserine 

With eserinized rats 


Y 

Y 

Intraperitoneal 

2,000 

50.0 

Intravenous 

10-15 

0.2 


without eserine than to the intraperitoneal with eserine, and the fact 
that the eserinization increases sensitivity only about 50 times 
(10-15 7 to 0.2 y) in the case of intravenous injection are rather 
interesting in view of the fact that one of us (S)° found an ex- 
ceedingly small amount of the esterase in the serum of rats as com- 
pared to human serum. 

The Quantitative Assay. These minimum effective dosages can 
be used for the basis of the quantitative assay of acetylcholine, if less 
than 1 cc of the solution contains more than 0.2 y. Without eserin- 
ization, the intravenous injection gives fairly uniform results, but 
the results with intraperitoneal injection without eserine should be 
considered preliminary and approximate. The latter will be found 
useful when the available sample is large or highly concentrated 
such as in the study of acetylcholine synthesis and it will be ex- 
ceedingly accurate for the estimation of other choline derivatives 
in which chromodacryorrhea is not enhanced by eserinization. 

In either event, the quantitative assay of an unknown is done by 
determining the minimum positive and the maximum negative doses, 
accuracy depending upon the range between these two doses. For 
the actual analysis, a number of rats are weighed and about five rats 
are eserinized at the same time. Usually 0.1 cc of the solution per 
100 g body weight is injected intraperitoneally. If the reaction is 
positive, a smaller amount or a diluted solution is similarly in- 
jected. If negative, the maximum injectable amount of the original 
solution should be injected intravenously to see if a measurable 
amount of acetylcholine is present. If positive a smaller amount or a 
diluted solution is injected. The cc per 100 g body weight with which 
the majority of rats give the reaction contain the minimum effective 
amount. Thus the concentration per cc of the original unknown 
solution will be: for intraperitoneal injection, 50 y -I- cc per 100 g 
body weight containing the minimum effective dose; and for in- 
travenous injection. 0.2 y - cc per 100 g body weight. If the original 
solution is diluted, the value, of course, should be multiplied by the 

factor. 

data. 
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ceased and the placenta had separated. Hemoglobin was deter- 
mined in grams percent with a calibrated Hellige-Sahli instrument. 
Red blood corpuscle counts were made with a Spencer hemo- 
cytometer (N.B.S.). Reticulocyte counts were obtained in 4 infants 
whose cords had been clamped immediately and in 4 in which 
clamping had been delayed. 

Complete data will be published in a future article. The um- 
bilical cord blood at the end of gestation in both series contained 
about 15.7 g of hemoglobin per 100 cc and about 4.5 millions of red 
corpuscles per cmm. Within a brief period of time after birth — 
averaging less than an hour in our experiments — the amount of 
hemoglobin and number of corpuscles in the newborn’s blood in- 
creased markedly. Values rose to 21.3 g % Hb and 5.93 millions 
R.B.C. in those infants allowed to retrieve their placental blood. In 
those deprived of the placental blood by immediate clamping of the 
umbilical cord, the values rose only to 18.9 g % and 5.57 millions 

R. B.C. in the same interval. The amount of hemoglobin and 
number of corpuscles increased further during the course of the 
first postnatal day (22.5 g % Hb and 6.22 million R.B.C.) in the 
infants receiving their normal share of placental blood, but not in 
those deprived of it. The former group maintained higher values 
throughout the period under investigation. 

One difference between the two experimental groups manifested 
itself on about the fourth day of life. Hemoglobin reached a peak 
in both series at that time, but those infants deprived of placental 
blood at birth exhibited an increase in hemoglobin, amounting to 
1.4 g % above the one day average: while the other group showed 
a rise of only 0.5 g %. In neither series did the red corpuscle count 
rise. 

Reticulocytes reached a peak at one day after birth. In a group of 
4 infants whose cords were clamped immediately, this amounted to 

S. 3 % as compared with 4.7% in the 4 infants of the other group. 

Our experiments have demonstrated that failure to allow the 

placental blood to return in large measure to the infant at the time 
of delivery is equivalent to submitting the newborn to a hemorrhage. 
Acceleration of hemopoiesis appears to occur in an attempt to make 
up this loss. It can not be doubted that a drain is placed upon the 
infant’s iron reserve, and at this time in life it can ill afford such a 
loss, for it must get along with what iron it has in its body at birth 
until the nursing period is passed. 

Our experiments may help to reconcile a persistent disagreement 
in the literature regarding hemoglobin and corpuscular values in 
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Effect of Depriving Newborn of Placental Blood upon Early 
Postnatal Blood Picture. 

O. B. DeMarsh, W. F. Wijtdle* and H. L. Alt.| 

From the Anatomical Laboratories, Xorthivesteni University Medical School, 

Chicago. 


Within the last few years, the collection of postpartum placental 
blood for ''blood banks” has been strongly advocated not only in 
Russia 1 but also in Canada 3 and in this country. 3 ' s ’ 5 It has been 
pointed out that this is an inexhaustible and “lucrative” source of 
blood, satisfactory for transfusion purposes, and that its collection 
has no deleterious effect upon the mother. Possible effects upon the 
child have been disregarded because it has already become a rather 
common obstetrical practice to clamp the umbilical cord promptly at 
birth in spite of the fact that most of the placental blood normally 
drains into the body of the infant within a few minutes when the 
umbilical cord is not clamped immediately after delivery. 3 When the 
cord is clamped immediately, the infant is deprived of an alarming 
proportion of its total blood volume and usable iron at the very be- 
ginning of extra-uterine life. We have obtained proof that this 
blood-letting at birth affects the blood picture of the newborn sig- 
nificantly. The practice should be strongly condemned. 

We have determined the amount of hemoglobin and number of 
red blood corpuscles in blood taken from the mother on the day of 
birth, in cord blood at birth, in blood from the newborn (heel) 15 
to 75 minutes after birth, and from the infant at one, 3 to 4, and 6 
to 7 days after birth in 2 series of patients. In one series of 25, the 
umbilical cord was clamped within 30 seconds after delivery; in 
another series of 29, clamping was delayed until pulsations had 

* Aided by a grant from the .Tolm and JIary R. Markle Foundation. 

t Department of Medicine. This investigation was conducted at the Cook 
County Hospital, on the service of Dr. David S. Hillis, whose cooperation is greatly 
appreciated by the authors. 

l Bruskin, Y. M., and Fackerova, P. S., Soviet Yraeh. Zhur., 1936, No. 20, p. 
1546 (cited by Gwyun and Alsever). 

2Goodall, J. R., Anderson. L. O., Altimas, G. T., and McPhail, F. L., Suri)., 
Gyn. and Obst., 1938, 06, 17G. 

3 Grodberg, B. C., and Carey, E. L., Few Eng. J. Med., 1938, 210, ±71. 

i Gwynn, C. A., and Alsever, J. B., Am. J. Med. Sc., 1939, 108, 634. 

a Heyl, W. M., Am. J. Obst. and Gyn., 1940, StO, 679. 

fi Haselhorst, G., and AHmeling, A., 2 f. Geburtsh. n. Gynak., 1930, 08 10d. 
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applied to the cerebral cortex by means of bipolar electrodes about 
1 mm apart resting lightly on the pia. Monopolar recording was 
employed, the active electrode being a chlorided silver wire in light 
contact with the pia of the cerebellar cortex. Fig. 1 is a record of a 
cerebellar action potential obtained in this way. Following the 
shock artefact there is a surface positive wave having a latency of 
about 25 msec to the crest of the wave, and a second positive 
wave having a latency as long as 200 msec. The second wave by 
no means always accompanies the first, but the factors causing 
this wave have not been determined. 





Fig. 1. 

Cerebellar action potential recorded from Crus I, Lobulus ansiformus, as a 
result of a single electrical shock applied to the middle suprasvlvian gyrus. The 
initial upward deflection is the shock artefact. Downward deflection indicates 
u surface positive potential. Time marks, 60 cycle; calibration mark, 200 yv. 

Stimulation of one cerebral cortical point may produce simul- 
taneous potentials in as many as 14 distinct points on the cere- 
bellar cortex. Considering the extensive foliation of this struc- 
ture, it must be true that only a small fraction of the total surface 
was explored; the total number of points which yield potentials 
must be far greater than this. The most easily detected potentials 
are on the contralateral side, and in general for each of these poten- 
tials there is a smaller potential on the ipsilateral side at a point 
roughly symmetrical to it. 

If the stimulus is well localized the cerebellar potentials may be 
very sharply localized; a point exhibiting a large potential may be 
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man at birth.' Some investigators have obtained results comparable 
with our determinations in cord blood and others have found 
higher values similar to ours in blood drawn from the infant after 
delivery. The exact source and time of collection of newborn blood 
have not always been stated. The difference which we have found 
between cord (venous) blood at the moment of birth and capillary 
blood from the infant less than an hour later is truly surprising but 
may be more apparent than real. A similar difference between 
venous and capillary blood has been reported in pernicious anemia 
but not in normal adults . 3 It is possible that macrocytes in the blood 
of infants as well as of P.A. patients block some of the capillaries 
and thus effect a concentration of corpuscles. 


11562 

Cerebellar Action Potentials in Response to Stimulation of 
Cerebral Cortex. 

PIoward J. Curtis. (Introduced by E. K. Marshall, Jr.) 

From the Department of Physiology, The Johns Hopkins University School of 
Medicine, Baltimore, Md. 

The problem of functional localization in the cerebellum is one 
which has received considerable attention. Recent comparative 
anatomical studies 1 and ablation experiments 2 have supported a 
division of the cerebellum based on afferent fiber connections. Re- 
cently Dow 3 has recorded action potentials in the cerebellum as a 
result of stimulating various afferent fiber tracts, and his results 
are in accord with Larsell's anatomical findings. The present work 
is an attempt to explore by the oscillographic method the projections 
of the cerebral cortex to the cerebellar cortex. 

Methods and Results. Twelve cats, under barbiturate anes- 
thesia, were used in this work. The method of stimulating and 
recording is described elsewhere . 1 Single electrical shocks were 

7 Waugli, T. R., llerchang, F. T., and Jlaughan, G. B., Am. J. Med. Sc., 1939, 
198, 646. 

s Duke, W. W., and Stoffer, D. D., Aicli. Int. Med., 1922, 30, 94. 

1 Larsell, 0., Arch. Neurol. Psychiat., 1937, 38, 580. 

2 Pulton, J. P-, and Dow, R. S., p ale J. Biol. Med., 1937, 10, 89. 

3 Dow, R. S., J. N euro physiol., 1939, 2, 543. 

4 Curtis, H. J., 19^0, in preparation. 
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applied to the cerebral cortex by means of bipolar electrodes about 
1 mm apart resting lightly on the pia. Monopolar recording was 
employed, the active electrode being a chlorided silver wire in light 
contact with the pia of the cerebellar cortex. Fig. 1 is a record of a 
cerebellar action potential obtained in this way. Following the 
shock artefact there is a surface positive wave having a latency of 
about 25 msec to the crest of the wave, and a second positive 
wave having a latency as long as 200 msec. The second wave by 
no means always accompanies the first, but the factors causing 
this wave have not been determined. 



Fig. l. 

Cerebellar action potential recorded from Crus I, Lobulus ansiformus, as a 
result of a single electrical shock applied to the middle suprasylvian gyrus. The 
initial upward deflection is the shock artefact. Downward deflection indicates 
a surface positive potential. Time marks, 60 cycle; calibration mark, 200 ^V. 

Stimulation of one cerebral cortical point may produce simul- 
taneous potentials in as many as 14 distinct points on the cere- 
bellar cortex. Considering the extensive foliation of this struc- 
ture, it must be true that only a small fraction of the total surface 
was explored; the total number of points which yield potentials 
must be far greater than this. The most easily detected potentials 
are on the contralateral side, and in general for each of these poten- 
tials there is a smaller potential on the ipsilateral side at a point 
roughly symmetrical to it. 

If the stimulus is well localized the cerebellar potentials may be 
very sharply localized; a point exhibiting a large potential may be 
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only 1 mm away from a point which shows no measurable potential. 
On the other hand, when the stimulating electrodes are moved the 
pattern of the potentials on the cerebellar cortex is changed, but the 
potential at any single point may remain almost unchanged while 
the stimulating electrodes are moved by as much as 2 cm. This 
phenomenon is not due to a spread of the stimulating current, since 
a displacement of the stimulating electrodes by only 1 mm will 
often very markedly change the pattern of the cerebellar response. 

None of the areas in the cerebral cortex which have been explored 
has failed to produce at least one potential in the cerebellum, and 
these areas include the sigmoid gyrus, marginal gyrus, middle 
suprasylvian gyrus, and middle ectosylvian gyrus. It was found 
that with the exception of the declive and tuber vermis all of these 
areas project to the neocerebellum 1 and to the posterior part of the 
anterior lobe. Fig. 2 shows a dorsal view of the cerebellum; the 
cross hatching indicates regions from which potentials have been 
recorded, shading indicates regions explored without finding po- 
tentials, and the unshaded regions were not explored. There seem 
(o be no anatomically distinct regions which can be said to be asso- 
ciated with particular areas of the cortex. In other words, any 
given region in the cross-hatched areas of Fig. 2 maj' receive im- 



Fro. 2. _ . ... 

T>iK»ram of dorsal view of cat's cerebellum showing regions from which 
potentials have beau obtained as a result of stimulating the cerebral cortes. 
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pulses from any or all of the areas of the cerebral cortex which 
were explored. 

The application of a small quantity of 0.3% picrotoxin solution 
to the surface of the pia over a small region exhibiting one of these 
potentials, radically changed the size and shape of the recorded 
potential. The initial surface positive wave was immediately fol- 
lowed by a large surface negative wave, giving the response a di- 
phasic appearance. The effect seems to be quite similar to that 
observed in the cerebral cortex 4 except that it is necessary to use 
more concentrated solutions in the case of the cerebellum to evoke 
the response, a fact which may explain why Dow 5 failed to observe 
“strychnine spikes" in the cerebellum. 

Discussion and Conclusions. These results appear to support and 
extend the ideas of functional localization in the cerebellum 6 as 
opposed to those of anatomical localization. 7 They indicate that 
there is no region in the neocerebellar cortex which can be said to be 
particularly related to any region of the cerebral cortex. Since the 
cerebellum has come to be known as an organ of synthesis and co- 
ordination, it would hardly seem strange (a) that many dif- 
ferent functional areas in the cerebral cortex are connected with a 
single point in the cerebellum, and ( b ) that a single cerebral cortical 
point projects to a number of cerebellar foci. This is in good agree- 
ment with Dow's work 3 in which he found that stimulation of 
spinal nerves produced a pattern of potentials in the anterior lobe of 
the cerebellum which changed very little when nerves from different 
parts of the body were stimulated. 

The fact that most of the individual cerebellar potentials obtained 
in the present study are very sharply localized perhaps throws some 
doubt on the concept of mass function of the cerebellum, at least as 
far as the afferent connections are concerned. The results indicate 
that a relatively small number of cerebral cortical efferents are 
capable of exciting a large number of small isolated cerebellar units. 
Thus it appears probable that a single cortical efferent makes synap- 
tic connections with several cerebellar afferents in the pontine nucleii. 
The occurrence of multiple potentials over the surface of the cere- 
bellar cortex cannot be due to spread of excitation there, since there 
is no very appreciable difference in latency between the potentials 
recorded from the different points which form any one pattern. 

The distribution of potentials shown in the map of Fig. 2 is. in 

"• Dow, R. S., J. Physiol., 1933, 94, G7. 

0 Sherington. C. R„ in Seliafer, Textbook of Physiology, 1900, 2, SS4. 

• ISolk, L., This Cerebellum dvr Saugetiere. 190G, Harlem, Bolin. 
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only 1 mm away from a point which shows no measurable potential. 
On the other hand, when the stimulating electrodes are moved the 
pattern of the potentials on the cerebellar cortex is changed, but the 
potential at any single point may remain almost unchanged while 
the stimulating electrodes are moved by as much as 2 cm. This 
phenomenon is not due to a spread of the stimulating current, since 
a displacement of the stimulating electrodes by only 1 mm will 
often very markedly change the pattern of the cerebellar response. 

None of the areas in the cerebral cortex which have been explored 
has failed to produce at least one potential in the cerebellum, and 
these areas include the sigmoid gyrus, marginal gyrus, middle 
suprasylvian gyrus, and middle ectosylvian gyrus. It was found 
that with the exception of the declive and tuber vermis all of these 
areas project to the neocerebellum 1 and to the posterior part of the 
anterior lobe. Fig. 2 shows a dorsal view of the cerebellum; the 
cross hatching indicates regions from which potentials have been 
recorded, shading indicates regions explored without finding po- 
tentials, and the unshaded regions were not explored. There seem 
to be no anatomically distinct regions which can be said to be asso- 
ciated with particular areas of the cortex. In other words, any 
given region in the cross-hatched areas of Fig. 2 may receive im- 



I'To. 2. . ... 

TWuttfvra a£ dorsal view of cat’s cerebellum showing’ regions from wind 
potentials have been obtained as a result of stimulating the cerebral cortex-. 
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SECRETARY’S REPORT 
April 1, 1939 — March 31, 1940 

The annual meeting of the Couneil took place Mai eh 15, 1940 at New 
Orleans. Members piesent: Doctors Doisy, Gasser, Leake, Meek, Smith, Sos- 
km and Tlnenes; by pioxy, Doctor Adolph (for Dr. Hodge), Dr. Green (for 
Dr. Ingiam), Dr. Myers (for Dr. Hayrnan), Dr. Roe (for Di Leese), and Dx. 
Tainter (foi Dr. Meyer). 

Membership The Council elected 103 applicants for membership, pre- 
viously appiored unanimously by' the National Membership Committee. The 
Couneil elected 5 applicants not unanimously approved by the Membership 
Committee. The Council appioved the recommendation of the National 
Membership Committee that action on 4 applications be deferred pending 
fui tlier publication. (The National Membership Committee by a majority 
roted to defei action on 23 applications pending further publication.) 

The Council unanimously roted that only those applications foi member- 
ship received by the Secretaiy-Tieasmer by December 15 shall be forn aided 
to the National Membeiship Committee for leport to the Council at its an- 
nual meeting 

The following resignations weie accepted with legiet: Doctois M L. 
Alison, I. S Falk, F II Falls, F B. Flinn, H. J. Fry, R. Guy, IF. IV. 
Hamburgei, J Mai how it<:, F. L Meleney, L. F. Rettgei, H. B. Richaidson, 
H. Sommer, A Steindler and IV. G Young. 

Five menrbeis were declaied m anears and diopped fiom the member- 
ship list 

Two membeis m China weie given an extension of time to clear their 
account' 

Doctois Guy N. Calkins and P. A Lerene were declaied ementus 
membeis 

Ballot The Council unanimously roted that the ballot with nominees for 
national offices shall be di&tnbuted to membeis within 30 days after the 
annual meeting of the Council 

Honorarii Mi inhere The Council appiorcd the recommendation of the 
Committee that the Society discontinue the election of honoiaiv membeis 

Finances The Tieasruer lepoited a deficit of $2,319 for the 11 months’ 
period Apnl 1, 1939 to Maick 1, 1940, or about $2,500 for the fiscal year 
(Details aie giren in the TieasurePs annual lepoit). This deficit was due 
primarily to the following: 

1 Gi eater luciea-e in size of Proceedings than had been anticipated 

2 The low chai ye for excess space, 20 percent of cost. 

3 The low membership due*. 

This defirit will be paid from accumulated piofits of pieccding reals, riz, 
Suiplus Fund 

To meet the expected deficit for the coming year, the Council appiorcd 
the following changes- 

1 Increase the cliaige for excess space fiom 20 to 40 percent of cost. 

2 Increase subscription puce (to non-members) fiom $6 00 to $7 50 a 
year 

3 Use interest of Surplus Fund. 
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general, what one would expect from the known cerebellar afferent 
connections assuming that all cerebro-cerebellar connections are 
effected by synapses in the pontine nucleii. Dow , 3 by directly 
stimulating the pons, obtained potentials not only in all areas from 
which potentials were recorded in the present work, but also in the 
declive and tuber vermis, pyramis, and paraflocculus. The fact that 
no potentials have been obtained from the declive and tuber vermis 
on cerebral cortical stimulation is interesting in view of the fact 
that Larsell 1 includes this part of the organ in the neocerebellum. 
It should be emphasized, however, that one must interpret the ab- 
sence of potentials with extreme caution. 
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District of Columbia 

Chairman: C- E. Leese. Secretary: D. B. Jones. Members: 42. 

Meetings: U. S. Public Health Service, December 7, 1939 

Illinois 

Chairman : T. E. Boyd. Secretary : A. Weil. Member., : 139 

Meetings: University of Chicago October 24 1939 

University of Illinois Medical School, December 12, 1939 
Northwe- tern University, January 23, 1940 
University of Chicago, April 9, 1940 
Northwestern University, May 21, 1940 

low a 

Chairman: E. D. Plass. Secretary: T. L. Jahn, Members: 39 

Meetings: State University of Iowa, February 14, 1940 

April 26, 1940 

Minnesota 

Chairman : F. H. Scott. Secretary : F. H. Scott. Members : 51 

Meetings: University of Minnesota, October IS, 1939 

December 20, 1939 
February 21, 1940 
March 20, 1940 
April 17, 1940 
May 15, 1940 

Missouri 

Chairman: A. B. Hertzman. Secretary: H. L. White. Members: 55 
Meetings: St. Louis University Medical School, October 11, 1939 

Washington University Medical School, December 13, 1939 
St. Louis University Medical School, February 14, 1940 
Washington University Medical School, April 10, 1940 
St. Louis University Medical School, May 8, 1940 

Xeto York 

Chairman: .J. C. Hiiisev. Secretary: I. Greenwald. Members: 453 
Meetings: New York Academy of Medicine, October 18, 1939 
New York Medical College, November 22, 1939 
Cornell University Medical College, January 24, 1940 
New York University, February 28, 1940 
Rockefeller Institute, April 24, 1940 
College of Physicians and Surgeons, May 22, 1940 

Pacific Coast 

Chairman: A. W. Meyer. Secretary: C. Weiss. Members: 101 
Meetings: University of California, October 21, 1939 

Stanford University Medical School, December S, 1939 
University of California Hospital, February 7, 1940 
Mount Zion Hospital, March 8, 1940 
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By-Laws. Suggested changes in the by-laws were proposed. It was de- 
ckled to request the President to appoint a committee of three in or near 
New York to consult with the Secretary-Treasurer to propose changes in the 
by-laws. 

Editors. The following were elected to the Editorial Board: 

C. A. Elvehjem, in biochemistry of vitamins 
R. J. Dubos, in physiology and metabolism of bacteria 
E. M. K. Geiling, in pharmacology 
E. 31. Marshall, Jr., in pharmacology. 

National Membership Committee. This committee held its annual meet- 
ing March 15, 1940, to reconsider those applications for membership which 
had not been unanimously approved by them. Their findings were reported 
to the Council, (see above). A further effort was made to define more pre- 
cisely what constitutes eligibility to membership. 
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Cleveland, Ohio 

Chairman: H. Feil. Secretary: W. Hambourger. Members: 42. 
AIpoHuos- Western Reserve University, October 13, 1939 
we " November 10, 1939 

December 8, 1939 
January 12, 1940 
February 9, 1940 
March 8, 1940 
April 12, 1940 
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Balance on hand, April 1, 1939 $ 7,433.19 

Income 

Dues $ 5,959.25 

Reprints 4,120.48 

Space 1,244.45 

Cuts 789.12 

Changes 66.39 

Subscriptions 3,814.4S 

Back Numbers 185.54 

Interest from special accounts 77.64 

Miscellaneous 25.62 

$16,282.97 


Total Cash Available, April 1, 1939-April 1, 1940 $23,716.13 


Disbursements 

Printing $10,958.70 

Reprints 4,053.38 

Cuts 836.5S 

$15,848.66 

Office Supplies, Postage, Telephone 686.45 

Salary 2,205.00 

Storage and Insurance 71.13 

Miscellaneous 14S.47 

$ 3,111.05 


$18,959.71 

Cash balance, April 1, 1940 4 756.42 


$23,716.13 


Su-viiaby 


Income (net) - $16,282.97 

Disbursements (net) 18,959.71 


Interest from Sn 
he used 


Deficit $ 2,676.74 

•■plus and Endowment Funds to 
1,161.51 


Bills receivable — $SS9.9S 
Bills payable — None. 


Net Deficit $ 1,515.23 
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Peiping, China 

Chairman: A. B. Fortuyn. Secretary: F. T. Chu. Members: 30 
Meetings : Peiping Union Medical College, October 25, 1939 

February 7, 1940 
May 9, 1940 

Southern 

Chairman: H. S. Mayer&on. Secretary: R. Ashman. Membeis: 41 
Meetings: Tulaue University, November 3, 1939 

January 26, 1940 

Louisiana State Univeisitv, May 3, 1940 
Southern California 

Chairman: E. Bogeti Secretary: M. S. Dunn. Members: 40 
Meetings: University of Southern California, October 12, 1939 

Los Angeles County General Hospital, November 30, 1940 
Monteiev, Calif., December 20, 1940 
Scripps Institution of Oeeanograpihy, March 2, 1940 
University of California, Los Angeles, May 2, 1940 

TPesfern New York 

Chairman: E. F. Adolph. Secretary: H. C. Hodge. Members: 62 
Meetings: Syracuse University, Oetober 14, 1939 
University of Buffalo, December 9, 1939 
University of Rocliestei, Febiuaiy 17, 1940 
Cornell Univeisity, May IS, 1940 

TI'iscoiisiw 

Chairman: W. E. Sullivan. Secretary: 0. O. Meyer. Members: 41 


Membership 


Membeis, March 31, 1939 



14SS 

Elected during year 



23 

Total . 



1511 

Resignations 



25 

Deaths 



11 

Arrears 



10 46 

Total Membership, Maicli 31, 1940 

1930 

1940 

1465 

Membership 

1026 

1465 


Subscription*, Match 31, 1940 
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Devths op Members 

The Council lecords with legiet the deaths of the following membeis: 
Doctors H. V. Atkinson, A H W. Caulfeild, C. B. Coulter, D. M. Cowie, 
G. E. Cullen, H. W. Cushmg, W T. Dawson, F. P. Gay, R H. Jaffe, F. S. 
Lee, H. A. McCoidock, E. B MeKmlev, D. Perla, 0. H. Plant, and I. C. 
"Wen. 

Dr. 0. H. Plant was a member of the Editorial Boaid fioni 1936 to the 
fall of 1939. With his death the Society lost a genial, devoted, considerate 
and eminently fair member of the Board. He aided materially m developing 
an ever better standard for the Proceedings 
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Honorari Members 


Flexner, Simon 
Howell, William H 
Poiter, William 
Rieliet, Chailes 
Von Muller, Friedrich 


Abianison, D I 
Abram-on, H. A 
Abt, Ai thm F 
Adam-, A Elizabeth 
Adam-, William E 
Addi~, Thorna- 
Adlei-beig, D 
Adolph, E F 
Adolph, W H 
Alexander, Ham L 
Allen, Bennet M 
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Allen, William F 
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Almqui-t, II J 
Alt. How aid L 
Altliau-en, T L 
Alt-i hide, M D 
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Ah are/, Walter C 
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Ambeig, Samuel 
Amhei-on, W R 
Amo", H.nold L 
Andei-on, Doiothx H. 
Ander-on, II II 
Ander-oii, John E 
Ander-on, John F 
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Amler-on, William F, 
Andieu-, Edmund 
An-baihei, Stetan 
Antopol, William 
Appel lx, Frank L 
Aun-trong. Charle- 


Rockefeller Inst. 
Johns Hopkins Umv. 
Hai-vaid Umv. 
Pans, France 
Munich, Geimanj 


Members 

May In-t. Med. Reseaich, Cincinnati 
Coll. Physicians and Surgeons, New Yoik 
Xoi thue.-tei n Umv. 
Mount Holxoke Coll 
Umv. of Chicago 
Stanford Umv. Med. 
Beth Isiael Hosp , X Y. 
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Peiping, China 
Washington Umv 
Umv of Calif., L A 
Yale Umv 
Unix, of Oregon 
San Maimo, Calif 
Umv of Calif. 
Xorthuestern Unix. Med 
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Beth I-rael Hosp , Bo-ton 
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Unix*, of Chicago 
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Unix-, of Marx land Med 
Rockefeller In-t 
Coll, of Plixs. and Suig, X Y 
Peiping Union Med Coll 
Unix of Minn 
E. R Squibb & Son 
Yale Unix 
Springfield, Ml— 
Bloomington, 111 
Squibb In-t , Xexv Brim- wick, X J. 
Beth Israel Hosp , Xewark, X J. 

-Med. Coll of Va. 
Xational In-t of Health, Wa-hington 
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Funds 

Endowment Fund 


April 1, 1939. $17,304.68 

Interest to April 1, 1940 661.27 

$17,965.95 

Invested in New York Title and Mortgage Co $ 5,880.00 

Title Guarantee and Trust Co 2,000.00 

Lawyers Mortgage Co 1,500.00 

Bowery Savings Bank 2,989.46 

United States Savings Bonds 1,875.00 

Industrial Bonds 3,721.49 

$17,965.95 


Surplus Fund 

April 1, 1939 $10,924.16 

Interest to April 1, 1940 500.24 

$11,424.40 

Invested in Title Guarantee and Trust Co $ 2,850.50 

Harlem Savings Bank 824.71 

United States Savings Bonds 1,875.00 

Industrial Bonds 5,874.19 

$11,424.40 

Life Membership Fund 

Invested in Railroad Federal Savings and Loan $ 75.00 


Auditors’ Report 

We the undersigned have this day examined the Treasurer’s report and 
find it to agree with the books of the Soeiety. We believe that the records 
of the financial transactions are accurate and in good order. 

We reiterate the request of previous committees that a certified public 
accountant should be engaged to make periodic audits of the Treasurer’s 
records for the protection of the Secretary-Treasurer and the members of 
the Auditing Committee. 

(Signed) Alexander B. Gutman 
Homer W. Smith 
"William S. Tillett 


May 3, 1940. 
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Oral Use of Penicillin in Treatment of Experimental Erysipelothrix 
rhusiopathiae Infection in Mice. 

Philip C. Harvey, Raymond L. Libby,* and Beverly B. Waller. (Introduced by 

Richard W. Linton.) 

From the Animal Industry Division, Lcdcrle Le'ooratories, Pearl Sivcr, ALT. 


The development of an effective treatment 
for swine erysipelas becomes of considerable 
importance because of the increasing preva- 
lence of this disease in the United States and 
in foreign countries. The present study was 
therefore undertaken to evaluate the use of 
penicillin in the control of experimental infec- 
tion. Heilman and Herrell 1 have reported 
successful treatment of infected mice by fre- 
quent injections of penicillin, totaling 1000 
units per day per mouse, over a 7-day period. 
Since simplicity of treatment often becomes a 
prime factor in the field of animal disease 
control, we were particularly interested in the 
possibi ity of oral administration rather than 
the injection method. 

Procedures. Mice: Test animals through- 
out were 16 to 18 g mice. For the major por- 

American Cynnamid Research Laboratories, 
Stamford, Connecticut. 

I Heilman, V. R., and Herrell, W. E., Proc. Staff 
Meetings of the Mayo Clinic, 1944, 19, 340. 


tion of tests, Rockland female mice were used.t 
At one stage it was necessary to substitute a 
Dilute Brown Agouti, tumor-susceptible strain 
due to scarcity of the Rocklands. Compara- 
tive tests using the 2 strains showed no differ- 
ence in response. 

Penicillin-in-feed: In early trials penicillin 
was suspended in corn oil in a concentration 
of 1000 units per cc of oil. This was then 
mixed with a cereal type feed to give a final 
concentration of either 100 or 1000 units of 
penicillin per gram of feed. In later tests, 
the dried penicillin was ground with dried 
feed in varying concentrations and fed with 
no protective coating of oil. Test mice were 
placed in individual cages and given weighed 
amounts of penicillin-containing food. After 
24 hours, animals were challenged with an 
injection of 10 MLD of test culture. Feeding 
with treated material was continued for the 

t Obtained from Rockland Farms, Xeu- City, 
X.Y. 
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Penicillin I reatment of Swine Erysipelas 


TABLE i. 

Effectiveness of Penicillin in Peed. 


Method of 


administration 

10 units/g 

100 units/g 

1000 units/g 

2500 units/ 

Oil 

0/10* 

0/10 

0/10 

0/10 

Dry 

0/10 

0/10 

10/10 

10/10 


* Suivhals/niicc injected. 


full time of the experiment. A like number 
of animals were fed a normal diet and served 
as control animals. 

Penicillin-Drinking Water: Penicillin was 
diluted with tap water in concentrations rang- 
ing from 10 to 1000 units per cc of water. 
Fifty cc amounts of final dilution were sup- 
plied to each cage of 5 mice. This amount 
was enough for 48 hours in most instances. 
The penicillin-water was replaced every 48 
hours with fresh material, regardless of any 
amount which might remain. In original 
trials, animals were given the treated drinking 
water for 24 hours to develop a blood level 
prior to challenging. In later experiments the 
challenge dose and beginning of treatment 
were simultaneous. In final trials, the chal- 
lenge took place 24 or 48 hours prior to the 
beginning of treatment. The length of time 
for continuance of treatment varied from 24 
hours to 10 days — the duration of tests. 

Culture: The test culture used throughout 
was Erysipdothrix rhusiopathice, Lederle No. 
358. This strain is used routinely for protec- 
tion tests against anti-swine erysipelas serum 
and is of extremely high virulence for mice. 
Subcutaneous injection of 0.5 cc of a 10~ b 
dilution of culture will consistently kill 100% 
of unprotected mice, and a similar injection 
of a 10 9 dilution usually kills at least 2 out 
of 3 mice. 

Results. Effectiveness oj penicillin-in- jeed: 
The oil-coated penicillin appeared to be very 
unpalatable and was eaten in smaller amounts 
than the control feed. For this reason, the 


mice failed to develop a protective blood 
and all animals died within 4 days fror 
date of challenge. When the dried ma 
was ground with the feed in a concentr 
of 1000 units per gram, or more, a satisfa 
level was obtained and 100% protectior 
afforded, while all control animals died \i 
4 days of the date of challenge. (Ta 
shows sample experiment.) 

Effectiveness of penicillin-in-water: j 
tion of 1000 units of penicillin per cc of i 
provided complete protection when begi 
advance of or simultaneously with the i 
tion of the challenge dose. When the coi 
tration was cut to 500 units per cc, the 
tective rate dropped to 20% of the test 
mals. Concentrations lower than 500 
per cc were of no protective value even i 
supplied for 48 hours prior to the dat 
challenge. (Table II.) 

Tests were then carried out to deter 
whether or not the 1000-unit concentr; 
would be effective against more than th 
MLD challenge dose. Injections were r 
from serial dilutions prepared to give 
1000, and 10,000 MLD and treatment 
begun simultaneously. Complete protec 
was provided against even the highest nur 
of MLD used for challenging. 

When challenge injections were made { 
to the beginning of treatment, results 1 
variable. Treatment begun 24 hours a 
challenge in some instances gave almost c 
plete protection, while in duplicate trials i 
20% survival resulted. After 48 hours hit 


TABLE XI. 


Effectiveness of Penicillin m D linking Water. 


Ti eatment 
begun 


24 In - befoie challenge 
Simultaneously nith challenge 
24 hr after challenge 
48 hr aftei challenge 


10 100 500 1000 

units/cc umts/cc umts/cc umts/ee 


0/10 0/10 2/10 10/10 

— ~ 0/10 10/10 

_ _ — 4/10 

_ _ — 0/10 


5000 10,000 

umts/ee umts/cc 

~ 10/10 10/10 ' 

10/10 10/10 

5/10 5/10 

0/10 0/10 
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dosages, even up to 10,000 units per cc, were 
of no value and all animals died. 

Discussion. The evidence presented here 
indicates that penicillin, with no protective 
coating or buffering materials, may be success- 
fully administered to mice by mouth and, pro- 
vided that sufficiently large quantities are 
given, protection is afforded against E. rhusio- 
patkicB. Since 50 cc of water containing 1000 
units/cc was consumed by 5 mice in 48 hours, 
the effective average intake per mouse was 
5000 units/day. This is approximately 5 
times the amount used by Heilman and 
Herrell 1 in injecting the material. Penicillin 
is effective in the treatment of Erysipelothrix 
rliusiopathitz infection if given early enough 
after exposure. Our results on this point are 
in accord with the findings of Heilman and 
Herrell 1 who showed protective action by the 
injection method of administration when 
begun 21 to 24 hours after challenge. Under 
-our experimental conditions the effective time 


interval was 24 hours or less, but in field con- 
ditions institution of therapy at such an early 
stage of infection may be unattainable. It 
would seem, therefore, that penicillin may be 
of considerable value only in the control of 
the outbreak of this infection in domestic 
animals. The ease of oral administration 
makes its use feasible on a far greater scale 
than would be possible where injections are 
necessary. 

Summary. Penicillin is shown to be of value 
in the protection of mice against experimental 
Erysipelothrix rhusiopathiiE infection. 

Ora] administration is successful in the 
treatment of mice even without any protective 
action from oil coating, or buffers, provided it 
is instituted within 24 hours after exposure. 
The use of penicillin in drinking water is found 
to be as effective as is its addition to the feed. 
Oral administration compares favorably with 
parenteral injection although larger amounts 
are required. 
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Preparation of Human Typing Sera by Iso-immunization of Human Donors 
with Group Specific Substances. 

Louis A. Kazae, Clara Matt, L. J. Wenger, and Richard H. Barnes. 
From the Department of Biochemistry, Medical Research Division, Sharp and Dohmc, 

Glenolden, Fa. 


Typing sera with extremely high agglutina- 
tion titers have been prepared by Witebsky 
and his coworkers 1 in human donors following 
the intravenous injection of solutions contain- 
ing minute amounts of group A and B specific 
substances. Wiener,- employing intramuscular 
injections of autoclaved saliva from group A 
and B individuals (secretors) instead of iso- 
lated group specific substances, confirmed 
Witebsky’s observations. Pillemer et al? have 

1 Witebsky, E., Klendshoj, N. C., and McNeil, C., 
Pkoc. Soc. Exp. Biol. and Med., 1944, 55, 167. 

2 Wiener, A. S., Soble, B., and Polivka, H., Proc. 
Soc. Exp. Biol, and Med., 1945, 58, 310. 

2 Pillemer, L., Oncley, J. L., Melin, M., Elliot, J., 
and Hutchison, M. C., J. Clin. Invest., 1944, 23, 550. 


prepared as by-products of plasma fraction, 
concentrated isohemagglutinin globulins that 
were characterized not only by their high titer, 
but by their high avidity as well, i.e., by the 
speed with which the serum agglutinated red 
cells. To the best of our knowledge, an inves- 
tigation of the change in the avidity of typing 
sera following isoimmunization of human 
donors with group specific substances has not 
appeared in the literature. In the course of 
studies on blood group specific substances, we 
have had the opportunity to make such 
observations. 

Nine subjects, 3 belonging to each of the 
following groups, O, A, and B, received intra- 
venously 0.5 cc of a solution of group A and B 
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TABLE X 

Avidities cud Titers of Blood Grouping Sera Immunization of Donors with. Group Specific 


Avidity 

l” — 

Group "B” cells 


Serum preparation 

/ 

■jt 

-\ 

if* 

Group “A” 

Ho. 47 

20/05 

3/10 


79 

35/120 

15/45 


114 

27/75 

5/17 

Group “B” 

Pooled 

Ho. 73 

19 

OS 

Pooled 

20/50 

4/S 

Group “0” 

No. 5 

27/75 

5/15 


41 



3/10 


415 

15/(50 

5/20 


Pooled 

15/40 

3/5 


* Before immunization. 

After immunization, 
f Sub-group not determined. 


(seconds) Agglutination titer 


Group ‘ ‘ 

A” cells! 

/ 

Group “B” cells 

Group “ 

A” cells t 

» 

#* 

* 

if* 

/ 

#* 



1:3 

1:25(5 





1:2 

1:32 





1:1(5 

1 : 12S 





1:10 

1:250 



15/30 

10/25 



1:32 

1:(54 

20/40 

10/20 



1:32 

1:(54 

12/20 

5/12 



1:32 

1:128 

12/40 

5/9 



1:1(5 

1:128 

. 

5/15 

1:10 

1:512 

1:32 

1:256 

10/30 

5/15 

1:32 

1:1024 

1:10 

1:1024 

5/15 

2/3 

1:10 

1:25(5 

1:16 

1:128 

10/30 

3/5 

1:10 

1:1024 

1:04 

1:1024 


specific substances (0.2 mg A -f- 0.2 mg B). 
Three weeks after the injection the individuals 
were bled (500 cc) and their sera (stored 
under aseptic conditions in the refrigerator) 
were examined for titer and avidity. These 
were compared at the same time with control 
samples of sera (10 cc bleedings) obtained 
1 week prior to the injection of group specific 
substances. The titers were determined by 
the serum dilution technic with 1% suspen- 
sions of washed (once) red cells. The agglu- 
tination response of the serum dilutions was 
observed after a 15-minute period of incuba- 
tion at room temperature, followed by cen- 
trifugation for 1 minute at 2000 r.p.m. Read- 
ings were made macroscopically, and the end- 
point reported as the greatest dilution giving 
a 4+ reaction, i.e., complete agglutination. 
Avidity determinations* were obtained by 
mixing equal volumes of a 10% suspension 
of once-washed red cells and serum on a slide, 
which was placed on a slide-agglutination 
viewing box. 4 The viewing box was rocked 
slowly while observations were made macro- 
scopically for the time required for the earlies t 


' * \v e ar e indebted to Dr. D. K. Diamond of Har- 
vard University for the technic of this determina- 
tion and for the slide-agglutination viewing box 
that was employed. 

i Diamond, L. K., 3. Lab. Cl,n. Med., 1945, 30, 


204 . 


visible agglutination and then for complete 
agglutination to develop. 

The results that are summarized in Table I 
show the avidities and titers of the individual 
and the pooled lots of sera. All of the indi- 
vidual bleedings (numbered sera) were 
assayed at one time against the same red cell 
suspensions; the pooled sera of each group 
were assayed approximately one week later 
with other suspensions of red cells. There was 
a definite increase in the avidity and titer of 
the sera obtained from the immunized donors. 
The greatest increases in titer were observed 
in those individuals belonging to groups A 
and O. In the latter group sera were obtained 
that gave a 4-}- reaction at a dilution of 
1:1024 for both the anti-A and anti-B agglu- 
tinins. If the agglutination end point was 
taken as the greatest dilution showing some 
signs of agglutination, the titers of the more 
active sera would have values in the neighbor- 
hood of 1:4096. On the basis of a 4-f- agglu- 
tination endpoint the titers obtained in our 
sera are at least as high as those obtained by 
Witebsky et al. 1 However, due to the varia- 
bility of the quantitative agglutination test 
among different laboratories, such a compari- 
son cannot be made with any certainty.® The 
greatest avidity response was obtained with 


3 DeGowin, E. L., J. Clin. Invest ., 1944, 33, 554. 
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he anti-B agglutinins of group A and O indi- 
/iduals. The pooled serat j n almost every 
:ase were found to have titers and avidities 

t We are very grateful to Dr. Win. C. Boyd of 
Harvard University for comparing our pooled sera 
ivith the Harvard reference standards 3 obtained as 
byproducts of plasma fractionation. The titers 
and avidities obtained by Dr. Boyd compare favor- 
ably with the reference standards. We also wish 
to thank Dr. Ernest Witebsky for kindly confirming 
the results of our assays. 


approximating those of the strongest sera in 
the group. However, this point cannot be 
stressed much since the pooled sera were 
assayed against a different batch of red cells. 

Conclusions. The increase in agglutination 
titer following immunization confirms the 
work of Witebsky 1 and Wiener. 2 In addition 
it has been shown that immunization with 
group specific substances increases the 
avidity, and that this increase roughly par- 
allels the increase in agglutinin titer. 
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Relationship of Turbidity to Acid Production by Lactobacillus arabinosus. 

Harris Isbell.* (Introduced by F. S. Daft.) 

From the Division of Physiology, National Institute of Health, Bethcsila, Mil. 


In microbiological assays using the Lacto- 
bacillus arabinosus either turbidity or total 
acid production may be used as a measure of 
the response to the organism to various growth 
factors. Since, in all tests for which the 
organism is used, the turbidity resulting from 
bacteria 1 growth increases with the amount of 
acid produced, it has generally been assumed 
that the turbidity corresponding to a given 
amount of acid production would be the same 
regardless of the growth factor to which the 
organisms were responding. In the course of 
some determinations of nicotinic acid, panto- 
thenic acid, and biotin it was noted that the 
turbidity was much greater in relation to acid 
production when the organisms were respond- 
ing to suboptimal amounts of nicotinic acid 
than when responding to suboptimal amount 
of biotin or calcium pantothenate. 

Methods. All tests were carried out in 
triplicate except those involving /-trypto- 
phane* which were done in duplicate. The 
organisms were grown in Evelyn photometer 
tubes in 10 cc of the medium of Snell and 

* Present address : U. S. Public Health Service 
Hospital, Lexington, Ivy. 

t We are indebted to Dr. J. G. Wooley for these 
data. 


Wright 1 as modified by Krehl, Strong, and 
Elvehjem, 2 omitting nicotinic acid, biotin, pan- 
tothenate, or /-tryptophane as the case might 
be. Stock cultures were carried and organ- 
isms were prepared for use as inocula as 
described by Snell and Wright. 1 Turbidity 
was measured in the Evelyn photoelectric 
colorimeter using filter 660. The total acid 
produced was titrated with 0.1 N sodium 
hydroxide. Lactic acid was determined by 
the method of Barker and Summerson. - '* These 
determinations were carried out in the biotin, 
nicotinic acid, and pantothenate tests after 18, 
42, and 66 hours incubation at 3 7°C. In the 
tryptophane tests only the 66-hour determina- 
tion was made and lactic acid production was 
not measured. The response to nicotinic acid 
was studied over the range from 0.1 to 1.0 yg, 
biotin from 0.1 to 2.0 millimicrograms, calcium 
pantothenate from 0.02 to 0.5 yg, and 
/-tryptophane from 2 to 10 yg per 10 ml of 
medium. 

1 Snell, E. E., and Wright, L. D., J. Biot. Client., 
1941, 139, 675. 

2 IvrelU, W. A., Strong, F. M., and Elvehjem, 
C. A., Ind. liny. Client., Analyt. Ed., 1943, 13, 476 . 

3 Barker, S. B., and Summerson, W. H., Biol. 
Chem.. 1941, 138, 535. 
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TABLE I. 


Avidities and Titers of Blood Grouping Sera Prepared by Immunization of Donors 

Substances. 

with Group Specific 

Scrum preparation 


Avidity (seconds) 



Agglutination titer 


f ^ " r ~- 

Group “ 

B” cells Group “ 1 

1 ” cells t 

Group “ 

B" cells 

Group ' * 

A” cells! 

-* 

A { 

<* ■* 

** 

* 

** 

r * 

Jr* 

Group “A” 

No. 47 

20/Co 

3/10 


1:8 

1:250 




79 

35/120 

15/45 


1:2 

1:32 




114 

27/75 

5/17 


1:10 

1:128 




Pooled 

20/50 

4/8 


1:10 

1:250 



Group “B” 

No. 74 


15/30 

10/25 



1:32 

1:04 


19 


20/40 

10/20 



1:32 

1:64 


98 


12/20 

5/12 



1:32 

1:128 


Pooled 


12/40 

5/9 



1:16 

1:12S 

Group 

No. o 

27/75 

5/15 — 

5/15 

1:10 

1:512 

1:32 

1:250 


41 



3/10 10/30 

5/15 

1:32 

1:1024 

1:16 

1:1024 


4<; 

15/00 

5/20 5/15 

2/3 

1:16 

1 -.236 

1:16 

1 128 


Pooled 

15/40 

3/5 10/30 

3/5 

1:16 

1:1024 

1:64 

1:1024 


*’ lief on.' immunization. 
k * After immunization, 
f Sub group not determined. 


specific substances (0.2 mg A + 0.2 mg B). 
Three weeks after the injection the individuals 
were bled (500 cc) and their sera (stored 
under aseptic conditions in the refrigerator) 
were examined for titer and avidity. These 
were compared at the same time with control 
samples of sera (10 cc bleedings) obtained 
1 week prior to the injection of group specific 
substances. The titers were determined by 
the serum dilution technic with \% suspen- 
sions of washed (once) red cells. The agglu- 
tination response of the serum dilutions was 
observed alter a 15-minute period of incuba- 
tion at room temperature, followed by cen- 
trifugation for 1 minute at 20G0 r.p.m. Read- 
ings were made macroscopically, and the end- 
point reported as the greatest dilution giving 
a 44- reaction, U., complete agglutination- 
Avidity determinations* were obtained by 
fixing equal volumes of a 10% suspension 
of once-washed red cells and serum on a slide, 
which was Placed on a slide-agglutmatmn 
viewing box. 1 The viewing box was rocked 
slowly while observations were made macro- 
scopically for the time required for the earliest 
Z'K.VUnuomloi Har- 
imdvcrsitv for B» technic of Uniterm™- 

,TA « "■*"* *“ 

ao ' 

301 . 


visible agglutination and then for complete 
agglutination to develop. 

The results that are summarized in Table 1 
show the avidities and titers of the individual 
and the pooted lots of sera. AH of the indi- 
vidual bleedings (numbered sera) were 
assayed at one time against the same red ceil 
suspensions; the pooled sera of each group 
were assayed approximately one week later 
with other suspensions of red cells. There was 
a definite increase in the avidity and titer of 
the sera obtained irom the immunized donors. 
The greatest increases in titer were observed 
in those individuals belonging to groups A 
and O. In the latter group sera were obtained 
that gave a 4-f reaction at a dilution of 
1:1024 for both the an£i-A and anti-B agglu- 
tinins. If the agglutination end point was 
taken as the greatest dilution showing some 
signs of agglutination, the titers of the more 
active sera would have values in the neighbor- 
hood of 1:4096. On the basis of a 4-f- agglu- 
tination endpoint the titers obtained in our 
sera are at least as high as those obtained by 
Witebsky et al. 1 However, due to the varia- 
bility of the quantitative agglutination test 
among different laboratories, such a ccwipan- 
son cannot be made with any certainty. ® 
greatest avidity response was obtained with 

Il,vest -’ 19ii ’ S54 ' 




Changes in Hamster Erythrocytes 


313 


ciency of biotin, pantothenate, or /-trypto- 
phane. 

Though the total fermentation of carbo- 
hydrate is reduced when biotin, pantothenate, 
or nicotinic acid are present in suboptimal 
amounts, the fact that the end product is 
always lactic acid suggests that the main path- 
ways of carbohydrate metabolism are un- 
changed regardless of the growth factor to 
which the organism is responding. 

Summary. 1 . The turbidity produced by 


the growth of Lactobacillus arabinosus is 
greater in relation to acid production when 
the organisms are responding to suboptimal 
amounts of nicotinic acid than when they are 
responding to suboptimal amounts of biotin, 
pantothenic acid, or /-tryptophane. 

2. All the add produced by the Lacto- 
bacillus arabinosus is lactic acid regardless of 
whether the bacteria are responding to nico- 
tinic acid, biotin, or pantothenate. 
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Changes in Erythrocytes of Hamsters Following Castration, Splenectomy, 
and Subsequent Liver, Iron, and Testosterone Injections. 

Kathryn F. Stein and Edith Carrier. (Introduced by A. Elizabeth Adams.) 
From the Zoology Department, Mount Holyoke College. 


A variety of evidence indicates that the 
male sex hormone has a stimulating effect 
upon the red blood cell count in mammals. 
It is well known that men have a higher 
average count than women, and a similar sex 
difference has been found to occur in many 
other .mammals including rats, 1 rabbits, 2 
mice, 2 and cats. 4 That this is due, in part at 
least, to the effect of the male hormone has 
been demonstrated by the increased count 
following testosterone injections in hypo- 
gonadic men, 3 in capons, 0 and in castrate 
female and hypophysectomized rats, 7 and by 
the reduction in number of red blood cells 
following castration in the hamster (Cricetus 
auratus) reported previously from this labora- 

l Adams, A. Elizabeth, and Shevket, Eazile, 
Physiol. Zool., 1929, 2, 181. 

e Bosalin, Paul D., Pearce, Louise, and Hu, 
Cli’uan K’uei, J. Exp. Med., 1934, 60, G87. 

3 Kamenoff, Balpli J., Proc. Soc. Exp. Biol, and 
Hed., 193G, 36, 411. 

i Lewis, Lena A., Endocrinol., 1941, 28, 821. 

3McCuUagli, E. P., and Jones, B., Cleveland 
Clin. Quart., 1941, 8, 79. 

0 Taber, Elsie, Davis, David E., and Domm, L. Y., 
Am. J. Physiol., 1943, 138, 479. 

7 Yollmer, Erwin P., and Gordon, Albert S., 
Endocrinol, 1941, 29, 828. 


tory. 8 Some progress has also been made 
toward an understanding of the mechanism 
by which the effect of the male hormone is 
produced. Vollmer and Gordon 7 found 
increased reticulocytosis and hyperplasia of 
the bone marrow in hypophysectomized rats 
injected with testosterone propionate. The 
present study was undertaken to confirm and 
extend the results obtained following castra- 
tion in the hamster 5 and also to attempt to 
discover further details concerning the 
processes involved in the effects of castration 
upon the red blood cells. 

Experimental. Nineteen male golden ham- 
sters ( Cricetus auratus) (Tables I, II) were 
employed in this experiment, four sets of litter- 
mates plus 2 animals from the same strain but 
of which the exact relationship to each other 
was unknown. All were of the fourth and 
fifth generations from an original inbred litter 
of four animals born in this laboratory in the 
spring of 1943. They were kept in a tem- 
perature of 70 to 75°F and had Purina Dog 
Chow and/or Pratt’s Nurishmix constantly 
available in their cages, supplemented occa- 
sionally by milk and lettuce. They appeared 

8 Stein, Kathryn, and Jacobsen, Barbara, Anat. 
Sec., 1944, 88, 459. 
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_ . . . TABLE I. 

Relationship of Turbidity to Acid Production py Lactobacillus arabinosus. 


Nicotinic acid 

Calcium pantothenate 
< \ 

Ratio* 

pg per 10 ml acid to 
medium turbidity 

Biotin 

1-Tryptophane 

pg per 10 ml 
medium 

Ratio'* 
acid to 
turbidity 

Slilii- 

mierogiams 
per 10 ml 
medium 

Ratio* 
acid to 
turbidity 

1 ' 

/ig per 10 nil 
medium 

\ 

Ratio* 
acid to 
turbidity 

0.1 

11.95 

0.02 

81 

0.1 

51.8 

2 

45.8 

0.2 

13.0 

0.04 

7S 

0.2 

51.G 

4 

44.4 

0.4 

14.2 

0.1 

50.8 

0.G 

33.3 

G 

42.4 

0.0 

16.1 

0.3 

24.1 

0.8 

3G.3 

S 

40.0 

1.0 

1G.9 

0.5 

22.0 

2.0 

27.2 

10 

39.4 


* Total titratable acidity 


2-Log. galvanometer reading 

All figures v. ere obtained after GO hours incubation and axe the average of triplicate determinations 
except in the instance of tryptophane, where they weie done in duplicate. 


Results. The results obtained at various 
incubation times were similar and varied only 
in degree. Therefore, only the results obtained 
at 66 hours incubation are reported. 

The ratios of total acid produced to photo- 
metric density were much lower when the 
organisms were responding to suboptimal 
amounts of nicotinic acid than when they were 
responding to suboptimal amounts of biotin, 
pantothenate, or 1-tryptophane (Table I). 
At a level of acid production of 5 to 6 ml of 
0.1 N acid (line 2 of Table I) the ratios were 
13.0 for nicotinic acid, 78 for calcium panto- 
thenate, 51.6 for biotin, and 44.4 for /-trypto- 
phane. This indicates that, at this particular 
level of acid production, about 6 times as 
many bacteria were present in the nicotinic 
acid tubes as in the pantothenate tubes, and 
3J4 to 4 times as many as in the tryptophane 
or biotin tubes. As the amount of nicotinic 


acid was increased the ratios rose, and as 
the amounts of pantothenate, biotin, and 
tryptophane were increased, the ratios fell 
and tended to approach those obtained with 
nicotinic acid. When photometric densities 
were plotted against total acid production 
/ Fi „ i) the curves for biotin, pantothenate, 
and /-tryptophane overlapped and were quite 
similar, whereas the nicotinic acid curve dif- 
fered from all the others. 

Lactic acid accounted for 98 to 102% of 
the total titratable add regardless of whether 
She organisms were respond, ng to mcotm.c 

aCi ^S,rC‘S“show that when 


biotin, pantothenate, or 1-tryptophane are 
present in suboptimal amounts, fewer organ- 
isms are formed per unit of glucose metab- 
olized than is the case with nicotinic acid. 
This suggests that lack of biotin or panto- 
thenate interferes with the synthesis of pro- 
tein to a greater degree than does lack of 
nicotinic acid. This view is reinforced by the 
similarity of the biotin and pantothenate 
curves to that of 1-tryptophane. Conversely, 
a lack of nicotinic acid interferes with carbo- 
hydrate metabolism more than does a defi- 


f igure -I- 

Pelationship of Photometric 
Density to Acid Production by 
Lactobacillus Arabinosus 



Of QZ 03 , C 
^-Photometric Density 
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ciency of biotin, pantothenate, or /-trypto- 
phane. 

Though the total fermentation of carbo- 
hydrate is reduced when biotin, pantothenate, 
or nicotinic acid are present in suboptimal 
amounts, the fact that the end product is 
always lactic acid suggests that the main path- 
ways of carbohydrate metabolism are un- 
changed regardless of the growth factor to 
which the organism is responding. 

Summary. 1. The turbidity produced by 


the growth of Lactobacillus arabinosus is 
greater in relation to acid production when 
the organisms are responding to suboptimal 
amounts of nicotinic acid than when they are 
responding to suboptimal amounts of biotin, 
pantothenic acid, or /-tryptophane. 

2. All the acid produced by the Lacto- 
bacillus arabinosus is lactic acid regardless of 
whether the bacteria are responding to nico- 
tinic acid, biotin, or pantothenate. 
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Changes in Erythrocytes of Hamster's Following Castration, Splenectomy, 
and Subsequent Liver, Iron, and Testosterone Injections. 

Kathryn F. Stein and Edith Carrier. (Introduced by A. Elizabeth Adams.) 
From the Zoology Department, Mount Holyoke College. 


A variety of evidence indicates that the 
male sex hormone has a stimulating effect 
upon the red blood cell count in mammals. 
It is well known that men have a higher 
average count than women, and a similar sex 
difference has been found to occur in many 
other -mammals including rats, 1 rabbits, 2 
mice, 3 and cats. 4 That this is due, in part at 
least, to the effect of the male hormone has 
been demonstrated by the increased count 
following testosterone injections in hypo- 
gonadic men, 3 in capons, 0 and in castrate 
female and hypophysectomized rats, T and by 
the reduction in number of red blood cells 
following castration in the hamster ( Cricetus 
auratus) reported previously from this labora- 

i Adams, A. Elizabeth, and Shevket, Fazile, 
Physiol. Zool., 1929, 2, 181. 

- Rosahn, Paul D., Pearce, Louise, and Hu, 
Ch’uan K’uei, J. Exp. Med., 1931, 60, 687. 

a Kameuoff, Ralph J., Proc. Soc. Exp. Biol, and 
Med., 1936, 36, 111. 

i Lewis, Lena A., Endocrinol., 1911, 28, 821. 

3 McCullagh, E. P., and Jones, R., Cleveland 
Clin. Quart., 1911, 8, 79. 

o Taber, Elsie, Davis, David E., and Domm, L. V., 
Am. J. Physiol., 1913, 138, 179. 

• Vollmer, Erwin P., and Gordon, Albert S., 
Endocrinol, 1911, 29, 828. 


tory. 8 Some progress has also been made 
toward an understanding of the mechanism 
by which the effect of the male hormone is 
produced. Vollmer and Gordon 7 found 
increased reticulocytosis and hyperplasia of 
the bone marrow in hypophysectomized rats 
injected with testosterone propionate. The 
present study was undertaken to confirm and 
extend the results obtained following castra- 
tion in the hamster 8 and also to attempt to 
discover further details concerning the 
processes involved in the effects of castration 
upon the red blood cells. 

Experimental. Nineteen male golden ham- 
sters ( Cricetus auratus) (Tables I, n) were 
employed in this experiment, four sets of litter- 
mates plus 2 animals from the same strain but 
of which the exact relationship to each other 
was unknown. All were of the fourth and 
fifth generations from an original inbred litter 
of four animals bom in this laboratory in the 
spring of 1943. They were kept in a tem- 
perature of 70 to 75°F and had Purina Dog 
Chow and/or Pratt’s Nurishmix constantly 
available in their cages, supplemented occa- 
sionally by milk and lettuce. They appeared 

8 Stein, Kathryn, and Jacobsen, Barbara, Anat. 
Sec., 1944, 88, 459. 


314 


Changes in Hamster Erythrocytes 


TABLE I. 

Changes with Age in the Red Blood Cell Values of Hamsters. 


Age in 
days 


BBC count 

BBC yoI. 

Hemoglobin 

Animal No. 

No. of 
animals 

Avg No. BBC 
and range in 
millions 

f 

No. of 
animals 

Total 
vol. 
in % 

MOV 
in jj-i 

No. of 
animals 

Total 
Hb.g 
100 cc 

MCHb 

in 

77 

20 

1,2 

O 

5.00 (5.03-5.08) 

— 

— 

— 

— 

— 

— 

33-34 

3-7 

5 

5.90 (5.3G-G.G9) 

1 

47.5 

70.8 

— 

— 

— 

30-37 

S, 12, 13, 14 

4 

0.30 (5.87-0.55) 

— 

— 

— 

3 

17.04 

27.1 

40-43 

3, 7, 14 

3 

0.98 (6.40-7.55) 

2 

45.3 

67.5 

1 

17.8 

23.6 

47-50 

3, 7, 14 

3 

7.94 (7.84-8.01) 

O 

43.8 

55.2 

1 

18.3 

22.9 

57-02 

3, 7, 14-17 

0 

8.60 (8.16-9.29) 

6 

52.9 

63.2 

4 

17.3S 

20.9 

60-70 

3, 7, 9-11 

5 

8.88 (8.32-9.03) 

4 

4S.6 

55,1 

4 

18.94 

20.4 

85-100 

3, 7, 11, 14, 15 

5 

9.14 (9.06-9.02) 

5 

52.2 

57.1 

4 

18.26 

19.9 

108-131 

3, 7, 11, 14, 15 

5 

9.17 (9.14-9.20) 

5 

53.2 

58.0 

o 

15,65 

17.1 


to be in healthy condition throughout the 
experiments. 

Castration was performed on 8 animals; 
1 was operated at 20 days of age, 4 at 33 to 37 
days, and 3 at 66 to 73 days (Table II). Con- 
trols were subjected to similar operative pro- 
cedure up to the point of actual removal of 
the testes. Later in the experiment 4 of the 
castrates, all adult and with approximately 
the same number of red blood cells, and 5 con- 
trols, also adult, were splenectomized (Table 
II). Since no significant change had occurred 
due to operative procedure in the controls for 
the castrate animals, and since the removal 
of the spleen was accomplished with no 


oreater loss of blood from hemorrhage, con- 
trols for the latter series were not operated. 
For all the operations 0.1 cc of a 10% alco- 
holic solution of Nembutal (Abbott), con- 
taining 1 gram per cc, was injected intraperi- 
toneally as a preliminary anesthetic and fol- 
lowed by ether as needed. 

Attempts to restore the counts of operated 
animals to normal were made by injections of 
liver extract or of iron citrate. The injected 
animals in each of the 2 groups, liver and 
iron included 2 castrates, 1 splenectomized 
“rnntrol ” 1 splenectomized castrate, and the 
samenormal control (Table JH) The liver 
(from Lederle Laboratories and containing 
SUSP injectable units per cc) was admin- 
ister'd 'in daily intramuscular injections of 
n i cc or 154 units to each animal for 3 days. 
Counts were taken within 12 hours after the 

last injection. EH ^Lffly 


daily for 3 days and counts taken within 6 
hours after the last injection. Finally a series 
of 9 hamsters, 2 castrates, 3 splenectomized 
castrates, and 4 splenectomized “controls,” 
were injected with 0.1 cc of a preparation con- 
taining one mg of propionic ester of testoste- 
rone per cc (Oreton Schering), daily for 3 
days and counts taken the day following that 
of the last injection (Table IV). 

Blood for all determinations was secured 
from the tails of animals under light ether 
anesthesia. An interval of a week was usually 
allowed between determinations to avoid the 
possibility of anemia from excess bleeding. A 
modified Hayem’s solution recommended for 
rats by Smith u was used as the diluent. 
Counts were made of 4 chambers and averaged 
for each reported count prior to the splenec- 
tomy operations; since the coefficient of 
variation was usually under 1% only 2 cham- 
bers were counted thereafter. Volume deter- 
minations were made in a Van Allen capillary 
hematocrit centrifuged at 2600 r.p.m., ana 
hemoglobins were read in a colorimeter 
equipped with a Newcomer disc. 

Results. Normal Levels of Young and. 
Adult Hamsters. The number of red blood 
cells in the hamster increases with age (Table 
I). The data confirm the results previously 
reported on a smaller number of animals. 
The adult value of approximately 9 million 
per cc was a strikingly uniform result in a 
animals counted, and since it was also main- 
tained in weekly counts up to the age o 

9 Smith, Cliristianna, J . Path, and Bact., 103- 
35, 717. 
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TABLE II. 

Effects of Castration and Splenectomy on tiie Erythrocyte Count. 


Age at operation Number of BBC in millions 


Animal No. 

l f 

Castration 

Splenectomy 

/ V 

Before op. After castration After splenectomy 

1 

20 days 

119 days 

5.08 

6.41 

6.52 

4 

33 

— 

5.37 

6.54 

— 

S 

37 

— 

6.52 

6.57 

— 

12 

36 

114 

6.55 

6.58 

6.54 

13 

30 

114 

5.87 

6.57 

6.54 

10 

00 

114 

S.85 

6.55 

6.55 

17 

00 

— 

8.04 

6.54 

— 

9 

73 

— 

9.00 

6.56 

— 




Arg 

6.55 

6.54 

3 

- 

119 

9.20 

— 

5.73 

11 

— 

137 

9.19 

— 

6.52 

14 

— 

114 

9.15 

— 

6.54 

18 

— 

mature 

— 

— 

6.52 

19 

— 

33 

— 

— 

6.56 





Avg 

6.37 


165 days (Stein and Jacobsen, 226 days) 
it is considered as the normal level for 
adult hamsters of this species. Increases 
in total red blood cell volume also 
occurred with age but not proportional to the 
increase in number of cells; consequently the 
size of the individual cells was perceptibly 
decreased. Variations in total hemoglobin 
were neither great nor consistent and mean 
corpuscular values were higher in young ani- 
mals (Table I). 

Effects oj Castration and Splenectomy. A 
level of approximately 6.5 million cells per 
cu mm, as compared with the normal count 
of 9 million, was eventually attained by all 
castrated animals regardless of the age at 
which the operation was performed (Table II). 


In adult animals this level was attained within 
a two-week period following castration and 
values within a range of 6.41 to 6.59 million 
were maintained for the 8-week period of 
counting. Counts for animals castrated be- 
fore maturity rose to the 6.5 level and were 
then maintained for 1 to 6 weeks, that is, 
until other treatments were initiated or count- 
ing discontinued. 

Removal of the spleen was followed by a 
marked reaction in normal control animals as 
compared with the lack of effect on castrates. 
The count for the former had dropped to an 
average of 6.4 million 2 weeks after the opera- 
tion and this level was maintained for 6 weeks 
by fhe one animal for which weekly counts 
were made over so long a period. Also a 


TABLE III. 



Effects of Liver and Iron Injections on Bed 

Blood Cells 

of Hamsters. 


Animal 

No. 

Operation 

Injection 

No. of BBC in millions 

Size of BBC in ft 

r 

After op. 

After inj. 

* — 

After op. 

After inj, 

17 

Castration 

liver 

6.54 

9.06 





8 

3 3 

33 

6.55 

9.14 

80.9 

54.7 

11 

Splenectomy 

33 

6.52 

9.13 

76.7 

58.1 

16 

Castra. -j- spleu. 

3 3 

6.54 

9.19 

76.3 

53.3 

15 

Control 

>3 

9.14 

9.15 

54.7 

50.1 

4 

Castration 

iron 

6.54 

8.85 

85.6 



9 

3 3 

3 3 

6.56 

9.11 

81 

— 

18 

Splenectomy 

33 

6.52 

9.17 

75.2 

54.5 

13 

Castra. -f- splenec. 

33 

6.57 

9.07 

84.5 

59.3 

15 

Control 

33 

9.14 

9.21 

54.7 

57.5 
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table i. 

Changes with Age in the Red Blood Cell Values of Hamsters. 

BBC count BBC vol. Hemoglobin 


r * " ~ — —— - — n f «, { — \ 


Age in 
days 

Animal Iso, 

No. of 
animals 

Avg No. RBC 
and range in. 
millions 

No. of 
animals 

Total 
vol. 
in % 

MOV 

in 

No. of 
animals 

Total 
Hb.g 
100 cc 

MCHb 

in 

20 

1,2 

2 

5.06 (5.03-5.08) 

— 

— 

— 

— 

— 

— 

33-34 

3-7 

5 

3.9G (5.36-6.09) 

1 

47.5 

70.8 

— • 

•— 


36-37 

8, 12, 13, 14 

4 

6.36 ( 5.87-6.55) 

— 

— 

— 

3 

17.04 

27.1 

40-43 

3, 7, 14 

3 

6.98 (6.40-7.55) 

O 

45.3 

67.5 

1 

ir.s 

23.6 

47-50 

3, 7, 14 

3 

7.94 ( 7.84-8.01) 

o 

43.8 

55.2 

1 

1S.3 

22.9 

57-62 

3,7,14-17 

0 

S.G0 (S.16-9.29) 

6 

52.9 

63.2 

4 

17.38 

20.9 

66-70 

3,7,0-11 

5 

S.SS (8.32-9.03) 

4 

4S.0 

55.1 

4 

18.94 

20.4 

'83-100 

3, 7, 11, 14, 15 

5 

9.14 (9.06-9.02) 

5 

52.2 

57.1 

4 

1S.26 

19.9 

108-131 

3, 7, 11, 14, 15 

5 

9.17 (9.14r9.20) 

5 

53 .2 

58.0 

o 

15.65 

17.1 


to be in healthy condition throughout the 
experiments. 

Castration was performed on 8 animals; 
1 was operated at 20 days of age, 4 at 33 to 37 
days, and 3 at 66 to 73 days (Table II). Con- 
trols were subjected to similar operative pro- 
cedure up to the point of actual removal of 
the testes. Later in the experiment 4 of the 
castrates, all adult and with approximately 
the same number of red blood cells, and S con- 
trols, also adult, were splenectomized {Table 
II). Since no significant change had occurred 
due to operative procedure in the controls for 
the castrate animals, and since the removal 
of the spleen was accomplished with no 


greater loss of blood from hemorrhage, con- 
trols for the latter series were not operated. 
For all the operations 0.1 cc of a 10% alco- 
holic solution of Nembutal (Abbott), con- 
taining I gram per cc, was injected intraperi- 
toneally as a preliminary anesthetic and fol- 
lowed by ether as needed. 

Attempts to restore the counts of operated 
animals to normal were made by injections of 
liver extract or of iron citrate. The injected 
animals in each of the 2 groups, liver and 
iron, included 2 castrates, 1 splenectomized 
‘‘rnntroi ” 1 splenectomized castrate, and the 
s S nm-mal control (Table III). The liver 
(from Ledecle Laboratories and containing 
5 US P injectable units per cc) was admin- 
.. < ailv intramuscular injections of 

O.i cc oi l/- 12 hours after the 


daily lor 3 days and counts taken within 6 
hours after the last injection. Finally a series 
of 9 hamsters, 2 castrates, 3 splenectomized 
castrates, and 4 splenectomized ‘‘controls, 
were injected with 0.1 cc of a preparation con- 
taining one mg of propionic ester of testoste- 
rone per cc (Oreton Schering), daily for 3 
days and counts taken the day following that 
of the last injection (Table IV). 

Blood for all determinations was secured 
from the tails of animals under light ether 
anesthesia. An interval of a week was usually 
allowed between determinations to avoid the 
possibility of anemia from excess bleeding. A 
modified Hayem's solution recommended for 
rats by Smith “ was used as the diluent. 
Counts were made of 4 chambers and average 
for each reported count prior to the splenec- 
tomy operations; since the coefficient o 
variation was usually under 1% onl > r 2 ciram ' 
bers were counted thereafter. Volume deter- 
minations were made in a Van Allen capillary 
hematocrit centrifuged at 2600 r.p.rn., and 
hemoglobins were read in a colorimeter 
equipped with a Newcomer disc. 

Results. Normal Levels of Young and 
Adult Hamsters. The number of red blood 
cells in the hamster increases with age (Table 
l). The data confirm the results previously 
reported on a smaller number of animals. 
The adult value of approximately 9 rodhon 
per cc was a strikingly uniform result m all 
animals counted, and since it was also main- 
tained in weekly counts up to the age oi 

0 Smith, Chiistianna, J ■ Lath, and Bart., 193- 
35 , 717 . 
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TABLE II. 

Effects o f Castration and Splenectomy on the Erythrocyte Count. 

Age at operation Number of BBC in millions 


r — ' f ' 1 

Animal No. Castration Splenectomy Before op. After castration After splenectomy 


1 

20 days 

119 days 

5.08 

6.41 

6.52 

■1 

33 

— 

5.37 

6.54 

— 

8 

37 

— 

6.52 

6.57 

— 

12 

36 

114 

6.55 

6.58 

6.54 

13 

36 

114 

5.87 

6.57 

6.54 

16 

66 

114 

8.85 

6.55 

6.55 

17 

66 

— 

8.64 

6.54 

— 

9 

73 

— 

9.00 

6.56 

— 




Arg 

6.55 

6.54 

3 



11!) 

9.20 

— 

5.73 

11 

— 

137 

9.19 

— 

6.52 

14 

— 

114 

9.15 

— 

6.54 

18 

— 

mature 

— 

— 

6.52 

19 

— 

j j 

— 

— 

6.56 


Arg 6.37 
• — — — — — ( 


165 days (Stein and Jacobsen, 226 days) 
it is considered as the normal level for 
adult hamsters of this species. Increases 
in total red blood cell volume also 
occurred with age but not proportional to the 
increase in number of cells; consequently the 
size of the individual cells was perceptibly 
decreased. Variations in total hemoglobin 
were neither great nor consistent and mean 
corpuscular values were higher in young ani- 
mals (Table I). 

Effects of Castration and Splenectomy. A 
level of approximately 6.5 million cells per 
cu mm, as compared with the normal count 
of 9 million, was eventually attained by all 
castrated animals regardless of the age at 
which the operation was performed (Table II). 


In adult animals this level was attained within 
a two-week period following castration and 
values within a range of 6.41 to 6.59 million 
were maintained for the 8-week period of 
counting. Counts for animals castrated be- 
fore maturity rose to the 6.5 level and were 
then maintained for 1 to 6 weeks, that is, 
until other treatments were initiated or count- 
ing discontinued. 

Removal of the spleen was followed by a 
marked reaction in normal control animals as 
compared with the lack of effect on castrates. 
The count for the former had dropped to an 
average of 6.4 million 2 weeks after the opera- 
tion and this level was maintained for 6 weeks 
by the one animal for which weekly counts 
were made over so long a period. Also a 


TABLE III. 

Effects of Liver and Iron Injections on Bed Blood Cells of Hamsters. 


Animal 

No. Operation 

17 Castration 

8 ” 

11 Splenectomy- 

16 Castra. -f- splen. 

15 Control 

4 Castration 

9 ” 

18 Splenectomy 

13 Castra. -j- splenec. 

15 Control 


No. of RBC in millions 
Injection After op. After inj 


Size of BBC in ^3 


After inj. 

After op. 

After inj. 

9.06 





9.14 

S0.9 

54.7 

9.13 

76.7 

58.1 

9.19 

76.3 

53.3 

9.15 

54.7 

60.1 

8.85 

85.6 

— 

9.11 

81 

— 

9.17 

75.2 

54.5 

9.07 

84.5 

59.3 

9.21 

54.7 

57.5 
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20 

33-34 

3(5-37 

40-43 

47-50 

57-02 

(50-70 

S5-100 

10S-13Z 


1 
3-7 

8 . 12 . 43.44 
3 , ”, 14 

3.7.44 

3, 7, 14-17 
3, 7,0-U 
3, 1 , 11, 44, 45 
3, /, 11, 44, 4J 


•v 

4 
3 
3 
<5 

5 
5 


-Ivg No. BBC 
flue! range ia 
millions 

f-00 (5.03-5.08) 
0-46 (5.30-6.00) 
0.30 (5.87-0.55) 
O-OS (0.40-7.55) 
'•®4 (7.34-8.01) 

8- 00 (8.10-9.29) 
S-8S (3.32 -9.03) 
0.14 (9.00-9.02) 

9 - 17 (9.14-9.20) 


condition throughout the 


to be in health) 
experiments. 

Castration was performed on S animals- 
\ was operated at 20 days of age 4 at 3 u 5 
ays, and 3 at 66 to 73 days (Table II) Con- 
trols were subjected to similar operative pro- 
cedure up to the point of actual removal"/ 
e testes. Later m the experiment 4 of the 
castrates, all adult and with approximately 
he same number of red blood cells, and 3 con 
trols, also adult, were splenectomiaed (Table 
11). Since no significant change had occurred 
due to operative procedure in the controls for 
the castrate animals, and since the removal 
0 f ,e s P Jeen was accomplished with no 
greater loss of blood from hemorrhage con- 
trols for the latter series were not operated 
'■or ah the operations 0.1 cc of a 10% alco- 
holic solution of Nembutal (Abbott), con- 
taining l gram per cc, was injected i ntraperi- 
toneally as a preliminary anesthetic and fol- 
lowed by ether as needed. 

Attempts to restore the counts of operated 
animals to normal were made by injections of 
liver extract or of iron citrate. The injected 
animals in each of the 2 groups, liver and 
iron, included 2 castrates, 1 spienectomized 
“control," 1 spienectomized castrate, and the 
same normal control (Table III). The liver 
(from Lederle Laboratories and conlaining 
IS U.S.P. injectable units per cc) was admin- 
istered in daily intramuscular injections of 
0.1 cc or 1)4 units to each animal for 3 days. 
Counts were taken within 12 hours after the 
last injection. Eli Lilly icon citrate, contain- 
ing 0.05 grams per cc, was injected in 0.1 cc 
quantities into each animal of the “iron” group 



ally for 3 days and counts taken within 6 
hours after the last injection. Finally a series 
. f hamsters, 2 castrates, 3 spienectomized 
castrates, and 4 spienectomized “controls,” 
weie injected with 0.1 cc of a preparation con- 
taining one mg of propionic ester of testoste- 
rone per cc (Oreton Schering), daily for 3 
cays and counts taken the day following that 
of the last injection (Table IV). 

Blood for all determinations was secured 
from the tails of animals under light ether 
anesthesia. An interval of a week was usually 
allowed between determinations to avoid the 
possibility of anemia from excess bleeding. A 
in or ified Haycms solution recommended for 
rats by Smith * was used as the diluent. 

ounts were made of 4 chambers and averaged 
tor each reported count prior to the splenec- 
tomy operations; since the coefficient of 
variation was usually under 1 % only 2 cham- 
bers were counted thereafter. Volume deter- 
minations were made in a Van Allen capillary 
hematocrit centrifuged at 2600 r.p.m., and 
hemoglobins were read in a colorimeter 
equipped with a Newcomer disc. 

Results . Normal Levels of Young and 

Adult Hamsters. The number of red blood 
cells m the hamster increases with age (Table 
). The data confirm the results previously 
reported on a smaller number of animals. 8 
The adult value of approximately 9 million 
per cc was a strikingly uniform result in all 
animals counted, and since it was also main- 
tained in weekly counts up to the age of 


0 Smith, 
35, 717. 


Christi-mua. J. Path. ami Pact., 1932, 
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demonstrating a definite effect of the male sex 
hormone upon the number of red blood cells 
present in the circulating blood. As reported 
previously 5 castration caused approximately a 
25^c decrease, from 9 to 6.5 million per cu mm. 
in the number of cells. This is similar to the 
decrease from 3.6 to 2.51 million observed by 
Taber, Davis, and Domm G in capons. Injec- 
tions of testosterone raised the number in 
castrated hamsters, as it did in capons 0 and 
in hypophvsectomized rats. 7 - 10 In the latter 
the effect of the male hormone was noted as 
due to increased erythropoiesis. Because of 
the small amount of material available this 
has not been confirmed for the hamster. 

Young animals responded somewhat differ- 
ently from adults in that such animals, if they 
were castrated before the number of red blood 
cells had* reached the adult castration level, 
showed an increase to that level. The final 
result was the same, a castration level of 
approximately 6.5 million cells per cu mm. 
The regulation of the gradual increase of the 
red cell count in young animals up to this 
level is apparently controlled by other than 
sex factors. 

It is interesting that the change in the 
number of cells due to the influence of sex 
hormone was accompanied by a change in 
the size of the individual cells so that the 
total volume of red blood cells in the circu- 
lating blood was essentially the same in cas- 
trated as in normal animals. As far as our 
investigations go they seem to indicate that 
the total amount of hemoglobin was also kept 
at a relatively normal level. The increase in 
the amount of hemoglobin per cell in the 
castrates compensated on the whole for the 
decreased number of cells. The regulatory 
effect on the cell size and content thus seemed 
to be, in the hamster, the main effect of the 
male sex hormone. 

The influence of the spleen on the blood 
picture has been the subject of numerous 
investigations. Both splenectomy and injec- 
tions of splenic extract have indicated that 
the spleen may exert a stimulating effect upon 
the formation of red blood cells. 11 - 12 - 13 Splenec- 
tomy of hamsters in the present study pro- 
duced the same decrease in the total number 
and the same increase in the size of individual 


cells as was observed following castration. 
This similarity and the fact that splenectomy 
of castrated animals caused no further changes 
in the red blood cells suggested a possible 
interrelationship between the testis and the 
spleen. Evidence for such a relationship was 
furnished by the experiments in which injec- 
tions of male hormone were made. No effect 
of testosterone on the number or size of red 
blood cells was observed in splenectomized 
animals, whether or not they had been cas- 
trated. The effect of male hormone in chang- 
ing the count was apparently not exerted 
direct!}- upon the bone marrow but upon the 
spleen. It is possible perhaps that the increase 
in number following testosterone injections 
was due, not to an indirect effect through the 
spleen on ery-thropoiesis, but merely to a 
direct stimulation of the spleen to release 
hoarded cells. Injections over longer periods 
than the 3 days of the present study might 
give different results. However, the positive 
results obtained with the use of liver or iron 
extract after a similar short period of injection 
at least indicate that the bone marrow is 
capable of response within that period. 

It is further indicated from the results of 
injections of liver and iron that the effect of 
the spleen on the number and size of the red 
blood cells is tied up with the liver and/or 
iron supply since either liver extract or iron 
citrate was effective, within a period of 3 to 4 
days, in restoring a normal count and a normal 
cell size in all operated animals, castrated, 
splenectomized, and those which were both 
splenectomized and castrated. It is difficult 
to understand why both substances should 
have the same effect. Liver deficiency anemias 
give a macrocytic picture as compared with 
the small size of the cells which ordinarily 
occur following iron deficiency. 14 As noted 
previously, however, injections of iron citrate 

10 V olimer, Ertvin P., Gordon, Albert S., and 
C ha ripper, Harry A., Endocrinol., 1942, 31, 619. 

11 Krumbhaar, E. B-, and ATusser, J. H-, J. Exp. 
Hed., 191-1, 20, 10S. 

12 Krumbhaar, E. B., and Alusser, J. H., Arch. 
Int. Med., 1923, 31, 6S6. 

13 Eddy, Xathan B., Endocrinol., 1921, 5, 461. 

14 Minot, George B., J. Am. Med. Asjn., 1935. 
105, 1176. 
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TABLE IV. 


Effects of Testosterone Injections on Bed Blood Celts of Hamsters. 


Animal No. 

Operation 

No. of BBC in millions 
Before After 

testosterone 

Size of BBC in 

Before After 

testosterone 

8 

Castration 

7.52 

9.18 

— 

49.0 

17 

ft 

7.73 

9.12 



— 

3 

Splenectomy 

8.09 

7.00 

64.1 

— 

11 

J 1 

7.03 

7,62 



61.7 

14 

>J 

7.96 

7.50 

61.7 

G4.5 

19 

J J 

0.54 

6.52 

— 

05.9 

1 

C.istr. -f- splen. 

8.25 

7.34 

63.0 

62.7 

12 


7.01 

7.62 

65.6 

64.3 

1G 

>> 

7.04 

7.66 

— 

63.9 


count of 6.49 was made on the blood of 
another animal dying 10 months after splenec- 
tomy. 

The average size of the erythrocytes in- 
creased both after castration and after splenec- 
tomy, in the former case to 81.2 (74.5-84.1) 
cubic micra, in the latter to 75.4 (70.3-80.3). 
Normal controls had an average ceil size of 
56.5 ( 51 . 4 - 60.9 ) cubic micra. Splenectomy of 
castrates was followed by a slight decrease, to 
76 cubic micra, but it is doubtful if this dif- 
ference is significant. In general the effects 
of splenectomy were essentially the same as 
those of castration. 

Total hemoglobin values averaged slightly 
higher in castrate than in control animals but 
the difference was too slight to be significant. 
The amount of hemoglobin per individual cell, 
however, was definitely increased, ranging 
from 27 to 31 micromicrograms in castrates 
and from 17 to 21 in controls. The effect of 
spienectomy upon the total amount of hemo- 
globin in the blood of the hamster cannot be 
determined at this time. Data on individual 
animals, “normal” and castrate, before and 
after splenectomy, indicate a definite drop in 
amount of hemoglobin per 100 cc of blood 
both at one and two weeks after operation. 
However, unoperated controls, normal and 
castrate, showed a similar decrease when 
determinations were made on the same dates 
as those for the splenectomized animate This 

may iV " * ^ ” 

injections. Liver or iron citrate 

Site ri* oi a* ■™” b “ 10 


whether the animals had previously been cas- 
trated, splenectomized, or both (Table III). 
These increases were noted within 6 to 12 
hours after the last of 3 daily injections of 
the liver or iron. Along with the increased 
count a decrease occurred in the size of the 
individual cells (Table III). 

Testosterone injected for a similar period, 
3 daily injections, produced changes only in 
the castrated hamsters. None of the splenec- 
tomized animate, whether or not they had 
been castrated, showed any response in counts 
made the day following the last injection. The 
animals which received these injections had 
been treated previously with other substances 
and there had not been enough time for their 
counts to return to the level characteristic for 
their condition when the testosterone was 
injected. However, the effect, or lack of effect, 
of testosterone was obvious and consistent 
(Table IV). 

In most of the splenectomized animals uw 
number of red blood cells continued to drop 
toward the splenectomy level in spite of the 
testosterone injections and in none oi them 
was there an increase in the least approaching 
the spectacular rise manifested by both of the 
castrates. The individual red blood cells 
remained macrocytic in all the splenectomized 
animate, castrated and uncastrated, injected 
with testosterone. In castrated “controls, 
however, the injections were followed by a 
decrease in average cell size in the one antma 
of this type (No. 8, Table IV) for which a 
volume determination was made. 

Discussion. The results obtained on ham- 
sters in this study agree with those of other 
workers in the field upon other animals m 
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demonstrating a definite effect of the male sex 
hormone upon the number of red blood cells 
present in the circulating blood. As reported 
previously 8 castration caused approximately a 
25% decrease, from 9 to 6.5 million per cu mm, 
in the number of cells. This is similar to the 
decrease from 3.6 to 2.51 million observed by 
Taber, Davis, and Domrn 0 in capons. Injec- 
tions of testosterone raised the number in 
castrated hamsters, as it did in capons 15 and 
in hypophysectomized rats. 7,10 In the latter 
the effect of the male hormone was noted as 
due to increased erythropoiesis. Because of 
the small amount of material available this 
has not been confirmed for the hamster. 

Young animals responded somewhat differ- 
ently from adults in that such animals, if they 
were castrated before the number of red blood 
cells had' reached the adult castration level, 
showed an increase to that level. The final 
result was the same, a castration level of 
approximately 6.5 million cells per cu mm. 
The regulation of the gradual increase of the 
red cell count in young animals up to this 
level is apparently controlled by other than 
sex factors. 

It is interesting that the change in the 
number of cells due to the influence of sex 
hormone was accompanied by a change in 
the size of the individual cells so that the 
total volume of red blood cells in the circu- 
lating blood was essentially the same in cas- 
trated as in normal animals. As far as our 
investigations go they seem to indicate that 
the total amount of hemoglobin was also kept 
at a relatively normal level. The increase in 
the amount of hemoglobin per cell in the 
castrates compensated on the whole for the 
decreased number of cells. The regulatory 
effect on the cell size and content thus seemed 
to be, in the hamster, the main effect of the 
male sex hormone. 

The influence of the spleen on the blood 
picture has been the subject of numerous 
investigations. Both splenectomy and injec- 
tions of splenic extract have indicated that 
the spleen may exert a stimulating effect upon 
the formation of red blood cells. 11 ' 12 ' 13 Splenec- 
tomy of hamsters in the present study pro- 
duced the same decrease in the total number 
and the same increase in the size of individual 


cells as was observed following castration. 
This similarity and the fact that splenectomy 
of castrated animals caused no further changes 
in the red blood cells suggested a possible 
interrelationship between the testis and the 
spleen. Evidence for such a relationship was 
furnished by the experiments in which injec- 
tions of male hormone were made. No effect 
of testosterone on the number or size of red 
blood cells was observed in splenectomized 
animals, whether or not they had been cas- 
trated. The effect of male hormone in chang- 
ing the count was apparently not exerted 
directly upon the bone marrow but upon the 
spleen. It is possible perhaps that the increase 
in number following testosterone injections 
was due, not to an indirect effect through the 
spleen on erythropoiesis, but merely to a 
direct stimulation of the spleen to release 
hoarded cells. Injections over longer periods 
than the 3 days of the present study might 
give different results. However, the positive 
results obtained with the use of liver or iron 
extract after a similar short period of injection 
at least indicate that the bone marrow is 
capable of response within that period. 

It is further indicated from the results of 
injections of liver and iron that the effect of 
the spleen on the number and size of the red 
blood cells is tied up with the liver and/or 
iron supply since either liver extract or iron ’ 
citrate was effective, within a period of 3 to 4 
days, in restoring a normal count and a normal 
cell size in all operated animals, castrated, 
splenectomized, and those which were both 
splenectomized and castrated. It is difficult 
to understand why both substances should 
have the same effect. Liver deficiency anemias 
give a macrocytic picture as compared with 
the small size of the cells which ordinarily 
occur following iron deficiency. 14 As noted 
previously, however, injections of iron citrate 

10 Volhner, Erwin P., Gordon, Albert S., and 
Charipper, Harry A., Endocrinol., 1942, 31, 619. 

11 Krumbhaar, E. B., and Musser, J. H., J. Exp. 
Med., 1914, 20, 108. 

12 Krumbhaar, E. B., and Musser, J. H., Arch. 
Int. lied., 1923, 31, 686. 

13 Eddy, Nathan B., Endocrinol., 1921, 5, 461. 

H Minot, George K., J. Am. Med. Assn., 1935, 

105, 1176. 
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SABI® IV. 

Effects of Testosterone Injections on Bed Blood Ceils of Hamsters. 


Animal No. Operation 

No. of jRBC in millions 
Before After 

testosterone 

Size of BBGin^s 
Before After 

testosterone 

8 

Castration 

7.52 

9.18 

— 

49.0 

17 

if 

7.73 

£>.12 

— 

— 

3 

Spfeneetomy 

8.09 

7.60 

64,1 

— 

11 

*> 

7.63 

7.62 

- 

61.7 

14 

t* 

7.96 

7.56 

01.7 

64,5 

13 

) f 

6.54 

6.53 

— 

65.9 

1 

Castr. 4* splcn. 

S.25 

7.34 

63.0 

62.7 

12 

jj 

7.01 

7.62 

05.6 

64.3 

1C 

i > 

7.04 

7.66 

— 

63.3 


count of 6.49 was made on the blood of 
another animal dying 10 months after splenec- 
tomy. 

The average size of the erythrocytes in- 
creased both after castration and after splenec- 
tomy, in the former case to SI. 2 (74.5-84.1) 
cubic micra, in the latter to 75.4 (70.3-80.3). 
Normal controls had an average cell size of 
56.5 (SI. 4-60.9) cubic micra. Splenectomy of 
castrates was followed by a slight decrease, to 
76 cubic micra, but it is doubtful if this dif- 
ference is significant. In general the effects 
of splenectomy were essentially the same as 
those of castration. 

Total hemoglobin values averaged slightly 
higher in castrate than in control animals but 
the difference was too slight to be significant. 
The amount of hemoglobin per individual cel], 
however, was definitely increased, ranging 
from 27 to 31 mictomicrograms in castrates 
and from 17 to 21 in controls. The effect of 
splenectomy upon the total amount of hemo- 
globin in the blood of the hamster cannot be 
determined at this time. Data on individual 
animals, “normal” and castrate, before and 
alter splenectomy, indicate a definite drop in 
amount of hemoglobin per 100 cc of blood 
both at one and two weeks after operation. 
However, unoperated controls, normal and 
rastrate showed a similar decrease when 
determinations were made on the same dates 
as those for the splenectomized ammals. This 
may perhaps indicate a seasonal vanat.on m 

te 2 tT*i /»**»• » r d T“ 

a” 

SIS ° f th « number 10 


whether the animals had previously been cas- 
trated, splenectomized, or both (Table IH). 
These increases were noted within 6 to 12 
hours after the last of 3 daily injections of 
the liver or iron. Along with the increased 
count a decrease occurred in the size oi the 
individual cells (Table III). 

Testosterone injected for a similar period, 
3 daily injections, produced changes only in 
the castrated hamsters. None of the splenec- 
tomized animals, whether or not they had 
been castrated, showed any response in counts 
made the day following the last injection. The 
animals which received these injections had 
been treated previously with other substances 
and there had not been enough time for their 
counts to return to the level characteristic for 
their condition when the testosterone was 
injected. However, the effect, or lack of effect, 
of testosterone was obvious and consistent 
(Table IV). 

In most oi the splenectomized animals the 
number of red blood cells continued to drop 
toward the splenectomy level in spite of the 
testosterone injections and in none of them 
was there an increase in the least approaching 
the spectacular rise manifested by both of the 
castrates. The individual red blood cels 
remained macrocytic in all the splenectomize 
animals, castrated and uncastrated, injec e ^ 
with testosterone. In castrated “controls, 
however, the injections were followed by a 
decrease in average cell size in the one anima 
of this type (No. 8, Table IV) for which a 
volume determination was made. 

Discussion. The results obtained on ham- 
sters in this study agree with those of other 
workers in the field upon other animals m 
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demonstrating a definite effect of the male sex 
hormone upon the number of red blood cells 
present in the circulating blood. As reported 
previously 8 castration caused approximately a 
25% decrease, from 9 to 6.5 million per cu mm, 
in the number of cells. This is similar to the 
decrease from 3.6 to 2.51 million observed b3 r 
Taber, Davis, and Domm® in capons. Injec- 
tions of testosterone raised the number in 
castrated hamsters, as it did in capons® and 
in hypophysectomized rats. 7,10 In the latter 
the effect of the male hormone was noted as 
due to increased erythropoiesis. Because of 
the small amount of material available this 
has not been confirmed for the hamster. 

Young animals responded somewhat differ- 
ently from adults in that such animals, if they 
were castrated before the number of red blood 
cells had' reached the adult castration level, 
showed an increase to that level. The final 
result was the same, a castration level of 
approximately 6.5 million cells per cu mm. 
The regulation of the gradual increase of the 
red cell count in young animals up to this 
level is apparently controlled by other than 
sex factors. 

It is interesting that the change in the 
number of cells due to the influence of sex 
hormone was accompanied by a change in 
the size of the individual cells so that the 
total volume of red blood cells in the circu- 
lating blood was essentially the same in cas- 
trated as in normal animals. As far as our 
investigations go they seem to indicate that 
the total amount of hemoglobin was also kept 
at a relatively normal level. The increase in 
the amount of hemoglobin per cell in the 
castrates compensated on the whole for the 
decreased number of cells. The regulatory 
effect on the cell size and content thus seemed 
to be, in the hamster, the main effect of the 
male sex hormone. 

The influence of the spleen on the blood 
picture has been the subject of numerous 
investigations. Both splenectomy and injec- 
tions of splenic extract have indicated that 
the spleen may exert a stimulating effect upon 
the formation of red blood cells. 11 - 12 ’ 13 Splenec- 
tomy of hamsters in the present study pro- 
duced the same decrease in the total number 
and the same increase in the size of individual 


cells as was observed following castration. 
This similarity and the fact that splenectomy 
of castrated animals caused no further changes 
in the red blood cells suggested a possible 
interrelationship between the testis and the 
spleen. Evidence for such a relationship was 
furnished by the experiments in which injec- 
tions of male hormone were made. No effect 
of testosterone on the number or size of red 
blood cells was observed in splenectomized 
animals, whether or not they had been cas- 
trated. The effect of male hormone in chang- 
ing the count was apparently not exerted 
directly upon the bone marrow but upon the 
spleen. It is possible perhaps that the increase 
in number following testosterone injections 
was due, not to an indirect effect through the 
spleen on erythropoiesis, but merely to a 
direct stimulation of the spleen to release 
hoarded cells. Injections over longer periods 
than the 3 days of the present study might 
give different results. However, the positive 
results obtained with the use of liver or iron 
extract after a similar short period of injection 
at least indicate that the bone marrow is 
capable of response within that period. 

It is further indicated from the results of 
injections of liver and iron that the effect of 
the spleen on the number and size of the red 
blood cells is tied up with the liver and/or 
iron supply since either liver extract or iron 
citrate was effective, within a period of 3 to 4 
days, in restoring a normal count and a normal 
cell size in all operated animals, castrated, 
splenectomized, and those which were both 
splenectomized and castrated. It is difficult 
to understand why both substances should 
have the same effect. Liver deficiency anemias 
give a macrocytic picture as compared with 
the small size of the cells which ordinarily 
occur following iron deficiency. 11 As noted 
previously, however, injections of iron citrate 

10 Vollmer, Erwin P., Gordon, Albert S., and 
Charipper, Harry A., Endocrinol., 1942, 31, 619. 

11 Krumbhaar, E. B., and ilusser, J. H,, J. Exp. 
lied., 1914, 20, 108. 

12 Krumbhaar, E. B., and Afnsser, J. H., Arch. 
Int. Med., 1923, 31, 686. 

12 Eddy, Nathan B., Endocrinol., 1921, 5, 461. 

H Minot, George B., J. Am. Med. Assn., 1935, 
105, 1176. 
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as well as those of liver caused return of cell 
size and number to normal in the operated 
hamsters. It is true, of course, that the picture 
produced in the hamster following either or 
both operations may not be that of a true 
anemia, since the total volume of cells remains 
practically normal. Whether this is also true 
of the total hemoglobin cannot yet be stated 
definitely due to the complication of the 
results either by a seasonal variation of the 
pigment or by variation of technic. Krumb- 
haar’ r> however makes no distinction in kind, 
but points out that there are variations in 
degree and in time of appearance and dura- 
tion of anemia following splenectomy of dif- 
ferent animals. He suggests that the anemia 
is due to a loss with the spleen of a property 
which aids erythrocyte formation, such as the 
conservation of the iron of broken down 
erythrocytes. And Balliere 1 * 5 noted that fol- 
lowing splenectomy in the dog the iron con- 
tent of the plasma dropped with a correspond- 
ing decrease in number of red blood cells. 
Presumably then the iron citrate injections 
may substitute for the absence of the spleen 
and may directly affect bone marrow. It is 
questionable whether the similar action of 
liver extract in this experiment can be attrib- 
uted to its iron content since it is known that 
liver extract is not effective in remedying 
human anemia due to iron deficiency. How- 
ever, perhaps the difference is a quantitative 
one. The only alternative explanation, if the 
same mechanism is supposed to be set in 

13 ICrwnbluuir, E. B., Am. J. Med. Sci., 1032, 
184, 215. 

l« Balliere, A., Biot. Abs., 1941, lo 2 , 1040. 


motion by the two types of injections, is that 
the injected iron has an effect on the liver of 
the hamster resulting in the liberation of 
some liver substance more directly responsible 
for the effects on the bone marrow. Krumb- 
haar 17 has also suggested that the spleen may 
have the mission of activating liver function. 

Gordon ct al. 1H questioned whether a func- 
tion of the spleen might be to regulate the 
structure of the red cells as they are produced 
from the marrow. Certainly this study seems 
to indicate an influence of the spleen, and 
perhaps indirectly of the male hormone, on 
the regulation of the volume of the individual 
red blood cell. 

Summary . Castration of hamsters caused 
a decrease in the number (25-30%) and in 
the size of erythrocytes. In animals castrated 
when young enough to have fewer cells than 
the number typical for castrates the count 
increased up to the castrate level. Splenec- 
tomy had the same effects as castration upon 
the number and size of red blood cells and no 
additional change occurred when castrated 
animals were splenectomized. Liver extract 
or iron citrate injected daily for three days 
restored a normal count and normal average 
corpuscular volume in all operated animals, 
castrates, splenectomized, and splenectomized 
castrates. Testosterone injected for a similar 
length of time was effective in castrates only 
and was ineffective in all splenectomized 
animals. 


it Kruuibliaar, E. B., Physiol Rev., 1926, 0, 160. 
is Gordon, Albert S., Kleinberg, William, and 
Ponder, Eric, Am. J. Physiol, 1937, 120, 150. 
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Sparing Action of Protein on the Pantothenic Acid 
Requirement of the Rat.* 

Marjorie M. Nelson^ and Herbert M. Evans. 

From the Institute of Experimental Biology, University of California, Berkeley, Calif. 


Studies on the requirement of the rat for 
pantothenic acid have, so far, been limited to 
diets containing a high proportion of carbo- 
hydrate with minimal levels of protein and 
fat. On these high-carbohydrate diets, it is 
well known that pantothenic acid deficient 
rats usually survive only 1 to 3 months. 1 - 3 - 3 
(Table I.) The importance of the composi- 
tion of the diet in relation to vitamin require- 
ments is also well-known; e.g., less thiamine 
is required for animals maintained on high 
jap- 5 and high protein 1 '’- 7 - 8 diets than for diets 
high in carbohydrate whereas more riboflavin 
is required for rats receiving diets high in 
fat. 9 - 10 

In the course of experiments with diets vary- 

* Aided by grants from the Boavd of Reseaieh 
and from the Department of Agriculture of the 
Vniversity of California, and the Rockefeller Foun- 
dation, New York City. The following materials 
were generously contributed: crystalline B vita- 
mins from Hoffmann-La Roclie Company, Nutley, 
New Jersey, Lederle Laboratories, Inc., Pearl 
River, New York, aud Merck and Company. Ine., 
Railway, New Jei sey; alpha-tocopherol from 
Merck and Company, Inc., Rahway, New Jersey, 
t Genera] Mills Fellow. 

i Mills, R. C., Shaw, J. H., Elvehjem, C. A., and 
Phillips, P. H., Pboc. Soc. Exp. Bior,. and Med., 
1940, 45. 482. 

- Salmon, IV. D., and Engel, R. IV., Pboc. Soc. 
Exp. Biol, and Med., 1940, 45, 021. 
a t'nna, IC., J. Xutrition, 1940, 20, 365. 

■» Funk, 0., Z. f. Physiol Chem., 1914, 80, 378. 
■- Evans, H. M„ and Lepkovsky, S., J. Biol 
Chem., 1929, 83, 269. 

oBanerjii, G. G., Biochew. J., 1941, 35, 1354. 

7 Banerjii, G. G.. and Yudkin, J., Biochem. J., 
1942, 30, 530. 

SIVainio, IV. 11'., Fed. Proc., 1942, 1, 87; J. Nu- 
trition, 1942, 24, 317. 

8 Evans, H. M., Lepkovsky, S., and Murphy, E., 
J. Biol. Chem., 1934, 107, 443. 

10 Mannering, G. J., Lipton, M. A., aud Elvehjem, 
C. A., Proc. Soc. Exp. Btol. and Med., 1941, 
40. 100. 


ing in their proportions of carbohydrate, pro- 
tein, and fat a marked sparing action of 
protein on the pantothenic acid requirement 
of the rat was discovered. When rats received 
diets deficient in pantothenic acid but contain- 
ing 64% protein (casein) instead of 24% 
protein, growth was markedly accelerated and 
survival was greatly increased. This effect 
was observed both when the deficiency was 
instituted at birth and when it was instituted 
at weaning. 

Rrp£pj»/e»tal a /id Results. The basai (high 
carbohydrate) diet was composed of 64% 
sucrose, 24% alcohol-extracted casein, 8% 
hydrogenated cottonseed oil (Crisco), and 
4% salts. 11 The high protein diet contained 
64% casein and 24% sucrose with the remain- 
der of the constituents identical. Both diets 
contained crystalline B vitamins per kg diet: 
5 mg thiamine HC1, 5 mg pyridoxine HCJ, 10 
mg riboflavin, 10 mg )>-aminobenzoic acid, 20 
mg nicotinic acid, 400 mg inositol, and 1 g 
choline chloride. Each rat received weekly a 
fat-soluble vitamin mixture containing 325 
mg corn oil (iMazola), 400 U.S.P. units 
vitamin A, 58 chick units vitamin D, and 
3 mg alpha-tocopherol. 

In the first series of animals, equivalent 
groups of male and female rats (Long-Evans 
strain) were placed on the deficient diets at 
weaning. Table I shows the marked effect of 
the high casein diet on growth and survival. 

In the second series, Jitters of 6 young 
together with the mother were placed on the 
deficient diets the day of birth. The litters 
were weaned on the 21st day and continued 
on the same diet. This procedure results in 
a very acute deficiency 13 as can be seen in 
Table 1 1. However, the sparing effect of the 

11 SaH s No. 4 of Hcgstcd, D. M., Mills, R. C., 
Elvclijc-in, 0. A., and Hart, E. B., ■/. Biol. Chem., 
1941, 1%8, 459. 

13 Nelson, M. M., and Evans, H. M. t in prepara- 
tion. 
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04% casein diet on growth and survival is 
still dearly shown. 1 ,s 

The superiority of the high protein diet 
may actually be due to the decreased level of 
cietary carbohydrate inasmuch as there is 
evidence that pantothenic acid is involved in 
carbohydrate metabolism » 0n the other 
hand, it may also be due to some com- 
ponent(s) of the casein such as (a) traces of 
pantothenic acid; (b) the amino acid content; 
(c) the phosphorus content; (d) unknown 
factors present which may be related to the 
utilization of pantothenic acid or to biotin and 
folic acid which affect pantothenic acid util 
ization. 14 ' 15 Extensive analyses of various 
purified and “vitamin-free” caseins have 
shown the presence of pantothenic acid in all 
samples, varying from 0.8 to 3.0 fig per gram. 


owever, experiments now in progress indicate 
hat the pantothenic acid content of the casein 
m use is responsible for only part of the 
sparing action. 

Summary. Rats maintained either from 
irth or from weaning on a pantothenic acid- 
deficient diet containing 64% casein grow 
more and survive longer than littermates main- 
tained on a 24% casein-deficient diet under 
t e same conditions. Several possible explana- 
tions for this sparing action are given. 


ra Williams, R. J., Advances in Encymology, 
1943 , 3 , 253 . 

« Wright, L. D., and Welch, A. D„ Science, 
1043 , 07 , 426 . 

is Wright, Ii. D., and Welch, A. D., J. Nutrition, 
1944 , 27 , 55 . 
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Effect of Atabrine oa Tetrahymena geleii (Protozoa, Ciliata). 

Vincent Groupe. (Introduced by Geoffrey Rake.) 

From the Division of Microbiology, The Stjuibb Institute for Medical Research, Xew 

Brunswick, X.J. 


The development during recent years of 
pure, bacteria-free strains of protozoa has led 
to more precisely controlled physiological and 
nutritional studies. However, the effect of 
chemotherapeutic drugs on such pure cultures 
has been little studied. It seemed of interest, 
therefore, to study the effect of a synthetic 
antimalarial drug such as atabrine on the 
ciliate, Tetrahymena geleii, whose biochemical 
characteristics are known. 1 

Methods. Bacteria-free cultures of Tetra- 
hymena geleii were obtained through the cour- 
tesy of Professor George W. Kidder. All cul- 
tures were maintained with strict asepsis on 
1.5% proteose peptone at 25°C. Strain H 1 
was selected from the 6 strains tested because 
it was slightly less resistant to atabrine. 

Population counts were made using a How- 
ard mold counting chamber on 1.0 ml samples 
of culture fixed with an equal volume of 
formalin. Five or more fields were counted 
per sample using that magnification and dilu- 
tion resulting in 10 to 50 cells per field. 
Counts were recorded as the number of intact 
organisms per ml. 

The effect of atabrine on the division rate 
was determined by adding 3.0 ml of a 24-hour 
culture of known population diluted 1-10 in 
1.5% proteose peptone to duplicate tubes con- 
taining an equal volume of a serially diluted 
aqueous atabrine solution. The number of 
generations in 24 hours was calculated from 
the known population at 0 hours and the 
average population of the duplicate tubes 
after 24 hours incubation at 25 °C. Sterile 
precautions were observed throughout the 
entire test. 

Serial dilution tests were done as follows: 
to 0.5 cc of serial 2-fold dilutions of atabrine 
an equal volume of a 24-hour culture was 
added. After overnight incubation at room 

1 Kidder, G. \Y, and Dewey, Y. C., Physiol. Zool., 
194o, 18, 13C. 


temperature the tubes were examined both 
microscopically for motility and macroscop- 
ically for turbidity. Although it was most 
important to use bacteria-free cultures it was 
found possible to disregard sterile precautions 
in performing the serial dilution test described 
above without altering the results of the test. 

The atabrine dihydrochloride* used in these 
studies was sterilized by filtration through a 
chemically clean UF grade sintered glass filter. 

Experimental. The effect of atabrine on 
the division rate of Tetrahymena geleii was 
studied first to determine the concentration 
necessary to inhibit actively growing cells. 
It will be seen from the data presented in 
Table I that a concentration of 100 y per ml 
was lethal for all cells and that multiplication 
was inhibited by 50 y per ml while little or no 
inhibition was observed in the presence of 25 y 
of atabrine per ml. In tubes containing 50 y 
per ml only 25% of the population was motile. 
This would indicate that a difference in 
resistance to atabrine exists among the popu- 
lation. Similar results were obtained in an- 
other experiment. 

Inasmuch as direct observation showed that 
loss of motility was followed rapidly by swell- 
ing and disintegration of the cell in the above 
experiments, a simple serial dilution test (see 
methods) was used to determine the effect of 
age of the culture on the resistance of the 
cells to atabrine. Population counts, pH, and 
relative resistance to atabrine were determined 
on samples taken daily from each of 3 flask 
cultures over a period of 4 days. Comparable 
results were obtained on all 3 cultures and the 
pertinent data from one such culture is pre- 
sented in Table II. It will be seen that the 
concentration of atabrine required to immo- 

* The atabrine dihydrochloride used was obtained 
through the courtesy of Dr. Arthur P. Richardson, 
Head of the Division of Pharmacology of the 
Squibb Institute for iledieal Research. 
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TABLE I. 

Ettuct of Dietary Protein Level on Growth and Survival in Pantothenic Acid Deficiency Instituted at 


Exp. group 
% protein 

Avg wt 

No. of Day 21 

rats g 

Avg wt 
Day GO 
g 

Survival 
Day 00 
% 

Avg wt Survival 
Day 90 Day 90 

g % 

Avg wt 
Day 120 
g 

Survival 
Day 120 
% 

24 

13 $ 

> 47 

84 

54 

93 8 

_ 

0 


10 d 

f 48 

110 

SO 

110 50 

94 

10 


12 d 

i 47 

100 

5S 

120 42 

132 

25 

04 

12 1 

! 48 

115 

83 

170 S3 

202 

33 


10 <5 

47 

141 

90 

234 90 

300 

90 


12 d 

t 47 

124 

92 

205 83 

255 

83 




TABLE II. 




Effect of Dietary Protein Level on Growth and Survival 

in Pantothenic Acid Deficiency Instituted at 





Birth. 






Avg wt Avg wt 

Survival 

Avg wt Survival Avg wt Survival 

Avg wt 

Survival 

Exp. group 

No. of 

Day 1 Day 21 

Day 21 

Day 30 Day 30 Day 45 Day 45 

Day 60 

Day 60 
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S S 

% 

g 

% g % 
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% 
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40 $ 
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32 

38 

51 





81 


35 7 


1 


38 $ 
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31 

32 

— 


04 

30 $ 

0.0 31 


31 

53 

83 





88 


70 37 


14 


30 2 

5.9 30 


30 

44 
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64 % casein diet on growth and survival is 
still clearly shown. 

The superiority of the high protein diet 
may actually be due to the decreased level of 
dietary carbohydrate inasmuch as there is 
evidence that pantothenic acid is involved in 
carbohydrate metabolism. 13 On the other 
hand, it may also be due to some com- 
ponents) of the casein such as (a) traces of 
pantothenic acid; (b) the amino acid content; 
(c) the phosphorus content; (d) unknown 
factors present which may be related to the 
utilization of pantothenic acid or to biotin and 
folic acid which affect pantothenic acid util- 
ization. 11 ’ 15 Extensive analyses of various 
purified and “vitamin-free” caseins have 
shown the presence of pantothenic acid in all 
samples, varying from 0.8 to 3.0 fig per gram. 


However, experiments now in progress indicate 
that the pantothenic acid content of the casein 
in use is responsible for only part of the 
sparing action. 

Summary. Rats maintained either from 
birth or from weaning on a pantothenic acid- 
deficient diet containing 64% casein grow 
more and survive longer than littermates main- 
tained on a 24% casein-deficient diet under 
the same conditions. Several possible explana- 
tions for this sparing action are given. 

13 Williams, R. J., Advances in Enaymology, 

1943, 3, 253. 

w Wright, L. D., and Welch, A. D., Science, 
1943 97 426. 

« Wright, L. D., and Welch, A. D., J. Nutrition, 

1944, 27, 55. 
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TABLE in. 

Effect of pH of Culture on Besistance to Atabrine. 


pH of 
culture 







Atabrine — y per 

ml 






5,000~ 

2,500 

1.250 

625 

313 

156 

TS 

39 

19.5 

9.8 

4.9 

2.5 

1.3 

0 ‘ 

6.35 

4+ 

4+ 

4+ 

4+ 

44" 

4-r 

4+ 

4+ 

4+ 

4+ 

44" 

4,-f- 

44- 

44* 

6.60 

1+ 

1+ 

1+ 

2+ 

44" 

44- 

4+ 

4+ 

4+ 

4+ 

44- 

44* 

44- 

4-r 

6.S0 

0 

0 

0 

0 

0 

0 

4+ 

44" 

4+ 

4+ 

44- 

44* 

44- 

44- 

Q.95 

0 

0 

0 

0 

0 

0 

0 

— h- 

4+ 

4+ 

44- 

44" 

44- 

44- 

T.18 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

44- 

44* 

44- 

4+ 

7.48 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

34- 

44- 

44- 


TABLE IV. 

Effect of Conditioned Medium and Frozen Ceils on Besistance to Atabrine. 

Atabrine— y P er 1,1 * 

✓ " ' 

24-br culture plus an equal volume of: pH 500 250 125 03 31 16 S 0 

Fresh medium 7.0 0 0 0 1+ 4+ 4+ 4+ 4+ 

Conditioned medium* 7.0 0 0 0 0 0 4+ 4+ 4+ 

Frozen cell suspensiont (cellular debris) 7.0 0 0 0 0 0 2+ 4-}- 44- 

* Cell-free supernate from 6-day-old culture adjusted to pH 7.0. 

t 24-hour-old cells resuspended in % volume of fresh medium then frozen and thawed. 


sented in Table IV show that at pH 7.0 the 
resistance of a 24-hour-old culture was signifi- 
cantly decreased by the addition of an equal 
volume of conditioned medium (obtained by 
adjusting the cell-free supernate from a 6-day- 
old culture to pH 7.0) or a frozen cell suspen- 
sion containing only cellular debris. 

That the decreased resistance of cells from 
older cultures is the result of environmental 
changes is shown by the fact that when 24- 
hour- and 9-day-old cells were resuspended in 
fresh medium to contain 122,000 and 140,000 
cells per ml respectively at pH 6.9 a concen- 
tration of 63 y of atabrine per ml immobilized 
approximately 50% of the population in each 
case. 

Although, as shown in the experiments 
described above, the resistance of Tetrahy- 
mena geleii to atabrine was influenced by 
many factors it was possible to obtain quite 
reproducible results using 24-hour bacteria- 
free cultures in the logarithmic phase of 
growth at pH 6.9 to 7.0. A test similar to 
that used for the quantitative determination 
of antibiotic activity 3 was used and performed 

3 McKee, C. M., Bake, G., and Henzel, A. E. Q., 
•7. Immunology, 1944, -IS, 2 59. 


as follows. Two ml of culture was added to a 
series of Wassermann tubes each of which 
contained 20% less atabrine than the preced- 
ing tube. After overnight incubation at 25°C 
the endpoint was recorded as the highest dilu- 
tion of atabrine in which no macroscpic tur- 
bidity was observed (although motile cells 
were present). Providing a bacteria-free cul- 
ture was used the endpoint was not affected 
when sterile precautions were disregarded in 
performing the test. In a series of 14 repli- 
cate titrations performed over a period of one 
month, according to the technic described 
above, an endpoint of 40 to 43 y of atabrine 
was obtained in every case. Bacteria-free 
cultures of Tetrahymena geleii are particu- 
larly well suited for such studies because con- 
jugation does not occur and endomixis has not 
been observed. 4 

Summary. Multiplication of Tetrahymena 
geleii was inhibited by 50 y of atabrine per ml. 
Resistance of the cells to atabrine was pro- 
gressively decreased by the environmental 
changes occurring during growth of the culture 
and was strikingly decreased when the pH of 
the culture was increased. 

4 Kidder, G. IV., personal communication. 


322 


Atabrine on Te.tr ahymcna gelei't 


TABLE I. 

Effect of Atabrine on Division Rate. 


Atabviiu*, 
gamma per ml 


Intact organisms per ml 
0 lir 24 hr 


Calculated Xo. % of population 
of generations motile after 
in 24 hr 24 hr 


400 

200 

100 

50 

25 

12.5 

0.3 

3.1 

1.0 

0.8 

0 


4300 
} > 
t i 

ft 
f t 
f t 
f t 
i 1 
) i 
i t 


0 



0 

0 



0 

0* 

— 

0 

3,000 

—0.5 

25 

24,000 

2.5 

100 

24,400 

2.5 

1 00 

24.000 

2.5 

100 

31,200 

2.S 

100 

33,200 

3.0 

100 

39,000 

3.2 

100 

37,000 

3.1 

100 


* No growth on subculture. 


TABLE II. 

of Age of Culture on liesistuiive to Atabrine 

Age of 
culture, 

Hr 

Population, 

cells/cu 

X 1000 

i>n 




Atabrine — y per ml 




250 

125 

62.5 

31.3 

15.0 

7.S 

3.9 

1.95 

0 

1 

2 

6.9 

0 

0 

1+ 

4+ 

4+ 




4+ 

24 

30.0 

7.1 

0 

0 

0 

1 + 

4+ 




4+ 

48 

43.4 

7.2 

0 

0 

0 

0 

0 

4+ 

4+ 


4+ 

72 

127 

7.0 

0 

0 

0 

0 

(1 


4+ 

4+ 

4+ 

9(5 

114 

7.7 

0 

0 

0 

0 

0 


4+ 

4+ 

4+ 


0 = No motile cells observed. 

A; Occasional motile cell. 

1+ = Appi oximately 25% of cells motile. 
2+ = ” 50% ” ” ” 

3+ = ” 75% ” ” ” 

4-j- =: All cells motile. 


bilize all cells progressively decreased from 
125 y per ml 1 hour after the flask was 
inoculated to 15.6 y per ml 72 hours after 
inoculation. In order to determine what 
factors might be responsible for this marked 
decrease in resistance to atabrine the experi- 
ments described below were carried out. 

Size of the population did not appreciably 
affect resistance to atabrine since a 32-fold 
dilution of washed cells from a 24-hour culture 
had little or no effect on the concentration of 
atabrine required to immobilize the cells. 
However, as shown in Table II, the pH 
increased from 6.9 to 7.6 during 72 hours of 
incubation. Since an increase in pH resulted 
in more effective inhibition of Escherichia 
coli by atabrine, 2 it was of interest to study 
the effect of the pH of the culture on the 
resistance of Tetrahymena geleii to atabrme. 

E - A " J ■ Bwh Chrm - 

1944, 154, 521. 


It will be seen (Table III) that the resistance 
of a 24-hour culture to atabrine decreased at 
least 1,000- fold when the pH of the culture 
was increased from pH 6.35, where the cells 
survived a concentration of 5,000 y or more 
of atabrine per ml, to pH 7.4S where only 4.9 
y per ml were required to immobilize all ceils. 
In each of 2 additional experiments resistance 
to atabrine was strikingly decreased when the 
pH was increased although it was not possible 
to predict the lowest inhibitory concentration 
of atabrine from the pH of the culture. It was 
also found that when a 9-day-old culture at 
pH 7.8 was adjusted to pH 6.9 the resistance 
to atabrine only increased from 4 to 16 y 
per ml. 

It was of interest to determine whether, 
aside from the increase in pH, the medium was 
altered during growth by the accumulation of 
metabolic products or cellular debris in such 
a way as to decrease the resistance of the 
cells. The results of a single experiment pre- 
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TABLE I. 


Therapeutic Effect of Streptomycin in Experimental Murine Pertussis. 



Xo. 

Dose 

of survivors in each sub- 
group of 4 mice 
of organisms in millions 

M.L.D. of 
millions of 
organisms 

% of survivors 

with negative 
lung cultures 

Batio of 
difference 
in to 
its S.E. 

f 





Exp. I (Seliieven Strain) 

125 

31.2 

7.S 

1.9 

0.47 




Streptomycin' 

3 

4 

4 

4 

4 

>125 

73 

3.4 to 1 

Saline (controls) 

0 

1 

4 

3 

3 

12.7 

IS 


Exp. II (Bizzo Strain) 









Streptomycin’' 

4 

4 

4 

4 

4 

>125 

100 

2 to 1 

Saline (controls) 

0 

3 

3 

4 

4 

39 

78 



1 Lot 228 — 0.2 ml (130 units) injected subcutaneously 4 X daily for 4 days. Total dose for each 
mouse: 2340 units. 

t Lot 2 28 — 0.25 ml (250 units) injected subcutaneously 4 X daily for 5 days. Total dose for each 
mouse: 5000 units. 


TABLE II. 


Therapeutic Effect of Streptomycin and of Penicillin in Experimental Murine Pertussis. 


(Sharpe Strain) 

So. of survivors in each sub- 
group of 4 mice 

Dose of organisms in millions 

M.L.D. of 
millions of 
organisms 

% of survivors 
with negative 
lung cultures 

Batio of 
difference 
in % to 
its S.E. 

125 

31.2 

7.S 

1.9 

0.47' 

^Streptomycin 

4 

4 

4 

4 

4 

>125 

100 

4.4-1 

(Penicillin 

0 

0 

1 

4 

O 

3.3 

29 


(Streptomycin and penicillin 

4 

4 

4 

4 

4 

>125 

95 

4.0-1 

Saline (controls) 

0 

0 

1 

1 

3 

1.2 

20 



* Lot 228— Each mouse received iutraabdominallv 0.25 ml (250 units) 4 X daily for 5 days. Total 
dose: a, 000 units per mouse. 

f Lot 299— (Cheplin) Each mouse received intraiibdoininally 0.25 ml (5 units) 4 X daily for 5 davs. 
Total dose: 100 units per mouse. 

t Eaeh mouse received intraabdominally 5 units of penicillin and 250 units of streptomycin 4 X daily, 
for o days. Total dose: 100 units of penicillin + 5,000 units of streptomycin. 


of 11 untreated survivors had negative cul- 
tures. This difference in the percentages of 
negative cultures obtained from the 2 groups 
is statistical^ significant, for the ratio between 
the difference and its standard error is 3.4 to 1. 
In the second experiment (Table I) the clear- 
ance effect was similar, though not so definite 
as in the first experiment (ratio: 2 to l). 

rhe data of Table II concerns a third 
experiment in which the protective effect of 
streptomycin was compared with that of 
penicillin. It is clear that streptomycin was 
again definitely protective while penicillin 


failed. When the 2 antibiotics were com- 
bined, the result was similar to that of strep- 
tomycin alone. 

The protective action of streptomycin as 
indicated in the above experiments was suffi- 
cient to justify a trial in the human disease, 
studies of which are now in progress. 

Summary. Streptomycin exerts a protec- 
tive therapeutic effect on the course of experi- 
mental murine pertussis as indicated by a sig- 
nificant reduction in the mortality rate and 
the disappearance of the organisms from the 
lungs of the surviving mice. 


15176 

Therapeutic Effect of Streptomycin in Experimental Murine Pertussis .' 1 

William L. Bradford and Elizabeth Day. 

From tlw Department of Pediatrics, the University of Rochester School of Medicine and 

Dentistry. 


Streptomycin, an antibiotic discovered by were recorded daily for a 10-day period, at 
Waksman and his associates, is produced by the end of which period the surviving mice 
the growth of certain strains of Actinomyces were autopsied and cultures of the lungs made. 
griseus in a suitable medium. 1 Because it The method of Reed and Muench 3 was used 
exhibits activity against certain gram-negative to calculate the 50% endpoint, indicating the 
organisms and is relatively non-toxic, it minimal lethal dose (MLD) for each group 
seemed to us important to test its value in of 20 mice. 

the treatment of experimental murine per- Streptomycin hydrochloride (Lot 228) was 
tussis as a preliminary to its use in the human supplied for these experiments by Merck and 
disease. The present report describes the Co. through the courtesy of Dr. D. F. Robert- 
therapeutic effect of streptomycin on the son at the request of Dr. S. A. Waksman who 
course of the experimental disease in mice. had kindly supplied us with material for 
Materials and Method. A standard type of preliminary experiments. It contained 350 
experimental infection in mice," used for sev- units per milligram of dry material and was 
eral years in this laboratory, was employed, dissolved and diluted to appropriate concen- 
It consisted of the intranasal inoculation of tration in sterile distilled water. Treatment 
groups of standard 3-week-old white Swiss was instituted 4 hours after the mice were 


mice with freshly isolated strains of Hemophi- 
lus pertussis. 

The 48-hour growth of H. pertussis was 
scraped from the surface of Bordet medium 
into 0.85% salt solution, thoroughly mixed, 
strained through gauze and standardized to 
contain approximately 10 billion organisms 
per ml. Four-fold dilutions of this suspension 
were prepared for the inoculation of sub- 
groups of mice. Under light ether anesthesia, 
each mouse, held in the upright position, re- 
ceived an intranasal instillation of 0.05 ml 
of the organism suspension. Usually 5 sub- 
groups, each consisting of 4 mice, were inocu- 
lated. The dose of organisms given to the 
mice of the various sub-groups was approxi- 
mately 125, 31.2, 7.8, 1.9, and 0.47 million 


respectively. 

After inoculation the mice were kept under 
uniform environmental conditions. Deaths 


- Supported in part by a grant from The John 
and Mary R. Markle Foundation. 

1 Scliatz, A., Bugie, E., and Waksman, S. A., 
Proc. Soc. Exp. Biol, and Med., 1944, 53, 66 

2 Bradford, W. L., Brooks, A. M., and Katsam- 
pes, C P„ rale J. Biol, and Med., 1944, 16, 435. 


infected. 

Sodium penicillin (Lot 299) (Cheplin), in 
the crystalline form, contained 100,000 Ox- 
ford units per 60 mg and was prepared for 
injection in a similar manner. 

Results. Under the conditions of the ex- 
periments it is clear that streptomycin was 
definitely protective against the experimental 
disease. As indicated by the data (Table I), 
it required more than 10 times the number of 
organisms (Schieven Strain) to kill 50% of 
the treated mice than the untreated. When 
another strain (Rizzo) was used, the protec- 
tion ratio was more than 3 to 1 in favor of the 
treated group. In addition to the difference of 
the mortality rates between the treated and 
untreated groups there was a distinct difference 
between the percentages of surviving mice 
showing negative lung cultures. 

In the first experiment (Table I) 14 (73%) 
of the 19 surviving treated mice had negative 
lung cultures, indicating a rapid clearance of 
the organisms from the lungs as a result of 
treatment with the antibiotic. Only 2 (18%) 

3 Reed, L. J., and Mueneh, H., Am. J. Byg-, 
1938, 27, 493. 
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To provide simpler experimental conditions, 
an electric current having parallel isopotential 
lines and appropriate current density must be 
passed up or down the polar axis of the root 
and must coincide with the orientation of the 
general axis of the inherent electric field of 
the root as well as that of gravity. 

An apparatus was designed to comply with 
this requirement and to maintain the roots 
under normal conditions of growth except 
for the applied current. Three sets of roots 
were used in each experiment: (1) control 
roots, (2) roots through which an electric 
current was passed upward, and (3) roots in 
which the same current was passed down- 
ward. Since individual roots vary slightly 
with respect to the threshold of current density 
for reversible inhibition of growth and also in 
their rates of elongation, each experiment 
involved 3 or more duplicate sets of roots. 
Preliminary experiments led to a choice of a 
current giving an IR drop of 40 mV/mm, with 
the root immersed in tap water as the growing 
medium and the current passed upward 
through 25 mm of the apical end of the grow- 
ing root. This gives complete inhibition of 
growth. The same current passed downward 
gives a very slight inhibition of growth, Fig. 1, 
or none at all At 37.8 mV/mm, complete 
but reversible growth inhibition is obtained 


with ascending currents. 

Most experiments were divided into 3 
periods: normal growth rate, current passing, 
and current off. The growth of each root was 
recorded under the microscope throughout the 
experiment. 

Regions of the Growing Root Affected by 
the Electric Current. To determine what 
region of the growing root apex is involved 
in the growth response and inhibited by the 
current, a set of roots was marked in the usual 
way by means of particles of India ink. The 
results of one experiment are drawn to scale 
in Fig. 1. Ordinates are mm length, abscissa 
hours. I, II, and III are triplicate sets. A 
current of 40 mV/mm was passed up roots A, 
down roots B, and the right-hand group were 
controls It is evident from the measurements 
that the growth process under these conditions 
was prevented by an ascending current in 
both the region of active cell division and the 
region of cell elongation. 

The inherent E.M.F.’s generated by the 
root are so oriented that the ascending current, 
which causes inhibition, opposes them. An 
applied current (field) of like intensity, but 
oriented with, rather than against the inherent 
one, has little or no effect. A detailed report 
of all experiments will be presented elsewhere. 
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Effect of Induced Pain on Pain Thresholds 


C. M. Parsons and F. R. Goetzl. (Introduced by Harold S. Olcott.) 

E) 0 )n the Depu> Intent of Medical Beicaich, Permanentc Foundation Hospital, Oalland, Calif. 


Relief of pain by counterirritation is com- 
mon experience and frequently was utilized 
therapeutically by the older physicians. The 
number of experimental studies reported in 
the literature is too small to permit conclu- 
sions to be drawn regarding mechanisms 
involved in the phenomenon which thus re- 
mains but poorly understood. Therefore re- 
investigations on a larger group of subjects 
appeared desirable. 

Methods. Pain threshold determinations 


were performed in a group of 14 normal 
human subjects, men and women, ranging in 
age between 19 and 45 years. The algesime- 
tric method employed has been described in 
detail elsewhere. 1 It consisted of applying an 


* Tins uoik was aided m pa it by a giant from 
Whitehall Phaimae.il Company. 

i Goetzl, F R, Bui i ill, D. Y., and I\y, A. C., 
Quint. Bull. Xoi Unit stu n Uuiv. Med. School, 1943, 
17, 280 
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Electric Control of Polar Growth in Roots of Allium cepa. 

E. J. Lund, R. I. Mahan, and A. H. Hanszen. 

From the Laboratory of Biophysics, University of Texas, 

Numerous experiments have been per- stimuli, viz., gravity and applied E.1I.F., 
formed to determine the effects of continuous operate at right angles to one another, thus 
electric currents passed through growing roots causing a complicated type of variable growth 
immersed in various aqueous media. In prac- response. 1 ’ 2 

tically all, the electric field was oriented at — 

right angles to the long axis of the root. Under i Elfving, P., Lot. z., 18S2, 40, 258. 

such conditions a minimum of two diverse - Xavez, A. E., J. Gen. Physiol., 1927, to, 551. 

POLAR INHIBITION OF GROWTH IN ONION ROOT 


growth BY ELECTRIC CURRENT 

MM MM CONTROL 
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To provide simpler experimental conditions, 
an electric current having parallel isopotential 
lines and appropriate current density must be 
passed up or down the polar axis of the root 
and must coincide with the orientation of the 
general axis of the inherent electric field of 
the root as well as that of gravity. 

An apparatus was designed to comply with 
this requirement and to maintain the roots 
under normal conditions of growth except 
for the applied current. Three sets of roots 
were used in each experiment: (1) control 
roots, (2) roots through which an electric 
current was passed upward, and (3) roots in 
which the same current was passed down- 
ward. Since individual roots vary slightly 
with respect to the threshold of current density 
for reversible inhibition of growth and also in 
their rates of elongation, each experiment 
involved 3 or more duplicate sets of roots. 
Preliminary experiments led to a choice of a 
current giving an IR drop of 40 mV/mm, with 
the root immersed in tap water as the growing 
medium and the current passed upward 
through 25 mm of the apical end of the grow- 
ing root. This gives complete inhibition of 
growth. The same current passed downward 
gives a very slight inhibition of growth, Fig. 1, 
or none at all. At 37.8 mV/mm, complete 
but reversible growth inhibition is obtained 


with ascending currents. 

Most experiments were divided into 3 
periods: normal growth rate, current passing, 
and current off. The growth of each root was 
recorded under the microscope throughout the 
experiment. 

Regions oj the Growing Root Affected by 
the Electric Current. To determine what 
region of the growing root apex is involved 
in the growth response and inhibited by the 
current, a set of roots was marked in the usual 
way by means of particles of India ink. The 
results of one experiment are drawn to scale 
in Fig. 1. Ordinates are mm length, abscissa 
hours. I, II, and III are triplicate sets. A 
current of 40 mV/mm was passed up roots A, 
down roots B, and the right-hand group were 
controls. It is evident from the measurements 
that the growth process under these conditions 
was prevented by an ascending current in 
both the region of active cell division and the 
region of cell elongation. 

The inherent E.M.F.’s generated by the 
root are so oriented that the ascending current, 
which causes inhibition, opposes them. An 
applied current (field) of like intensity, but 
oriented with, rather than against the inherent 
one, has little or no effect. A detailed report 
of all experiments will be presented elsewhere. 
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Effect of Induced Pain on Pain Threshold.^ 


C. M. Parsons and F. R. Goetzl. (Introduced by Harold S. Olcott.) 

From the Department of Medical Research, Permanente Foundation Hospital, Oakland, Calif. 


Relief of pain by counterirritation is com- 
mon experience and frequently was utilized 
therapeutically by the older physicians. The 
number of experimental studies reported in 
the literature is too small to permit conclu- 
sions to be drawn regarding mechanisms 
involved in the phenomenon which thus re- 
mains but poorly understood. Therefore re- 
investigations on a larger group of subjects 
appeared desirable. 

Methods. Pain threshold determinations 


were performed in a group of 14 normal 
human subjects, men and wrnmen, ranging in 
age between 19 and 45 years. The algesime- 
tric method employed has been described in 
detail elsewhere. 1 It consisted of applying an 


* This work was aided in part by a grant from 
Whitehall Pharmacol Company. 

t Goetzl, F. R., Burrill, D. T., and Ivy, A. C., 
Quart. Bull. Xorth western Vniv. J led. School, 1913, 
IT, 2SII. 
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Effect of Induced Pom on Pom Threshold 
y ! of Norma! Human Subjects 



alternating current to a tooth through a metal 
filling and noting the voltage at which the 
subject first experienced a painful sensation. 
Such voltage was considered an expression 
of the pain threshold level. 

Pain was produced by spraying ethylchlo- 
ride to an area of one square inch over the 
anterior surface of the subjects’ tibia? for a 
period of 20 seconds. At that time pain of 
burning or aching character was complained 
of in all instances. Pain thresholds were 
determined shortly before and at 30-minute 
intervals for 2 hours after the application of 
ethylchloride. 

Results. Fig. 1 shows the averages of the 
values obtained in the determinations of pain 
threshold, expressed in terms of the mean 
changes in voltage required to produce a 
painful sensation in the subjects’ teeth. The 
control values were obtained from 34 control 
tests in the 14 subjects and were found to be 
between 0.2 and 1.8 volt. Values after appli- 
cation of ethylchloride were obtained from 21 
experiments in 11 of the 14 subjects. Anal- 
gesic effects were observed in all instances. 
The greatest variation in pain threshold dur- 
ing control periods in every subject was sig- 


nificantly smaller than the smallest change of 
threshold following application of ethylchlo- 
ride. Therefore the curves presented give an 
indication of the results obtained for each 
subject. 

In the control determinations the mean 
change in threshold value for the entire group 
was minus 0.003 volt; the corresponding value 
for the period following application of ethyl- 
chloride was plus 0.129 volt. 

Comment. The observations reported are 
in partial agreement with results obtained by 
other authors. 2 They, however, employed 
different algesimetric procedures and different 
types of induced pain. Also, their studies 
were made on only 3 subjects and the results 
were expressed in percentages rather than in 
actual changes in threshold values. The pain 
threshold was reported to be elevated by 
induced pain by approximately 30%. 

It is interesting, also, to compare the present 
results with those obtained previously in 
studies on analgesic effects of morphine sul- 
fate in normal human subjects using the pres- 


2 Ha id/, J. I)., Wolff, H. G., and Gooclell, H., 
./, Clin. Illicit., 1940 , 10, 649 . 
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ent method. 3 Not all of the subjects tested 
showed an elevation in pain threshold follow- 
ing administration of 0.016 g of morphine 
sulfate, which for the entire group produced a 
mean increase of only 0.0218 volt. 

The fact that for producing analgesic effects 
in the present experiment ethylchloride had 
to be applied until pain developed indicated 
that pain rather than cold was the sensation 
responsible for elevating pain thresholds. The 
mechanisms involved in producing the anal- 
gesic effects cannot yet be stated with cer- 
tainty. Distraction, changes in local blood 
supply and other short lasting effects of 
induced pain cannot fully explain the phe- 
nomenon because the pain induced in our sub- 
jects lasted for 2 to 3 minutes at the most 
while the analgesic effects were noticeable for 

3 Ivy, A. C., Goetzl, F. B., and Burrill, D. Y., 
War Medicine, 1944, 6, 67. 


a period of 90 to 120 minutes. 

In additional investigations, the possibility 
is being examined whether epinephrine might 
be the agent involved in producing analgesic 
effects following induced pain. The trend of 
thought seems logical in view of the facts that 
epinephrine is released by pain from the 
adrenal glands 4 and that it possesses marked 
analgesic properties when injected in man 
or dog. 3 

Summary. Experiments have been made in 
normal human subjects which demonstrate 
that induced pain of short duration produces 
long lasting analgesic effects. 

4 Cannon, XV. B., Bodily Changes in Pain, Hunger, 
Fear, and Page, New York, D. Appleton and Co., 
1929. 

3 Ivy, A. C., Goetzl, F. It., Harris, S. C., and 
Burrill, D. Y., Quart. Bull. Northwestern Unit". 
If ed. School, 1944, 18, 298. 
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Effect of Adrenocorticotropic Hormone (ACTH) on Hypophysectomized 
Adrenal-demedullated Rats. 4 

Miriam E. Simpson, Choh Hao Li, and Herbert M. Evans. 

From the Institute of Experimental Biology, University of California, Berkeley. 


Ingle 1 has raised the question of the possible 
role of the adrenal medulla in the response of 
the adrenal cortex to adrenocorticotropic hor- 
mone. In the present study the problem of the 
relationship between the two parts of the 
adrenal has been approached by comparing 
the effectiveness of adrenocorticotropic hor- 
mone as a stimulant of the cortical tissue when 
administered in the presence or absence of the 
medullary tissue. 

Methods. Male rats were adrenal-demedul- 
latedt at 25 days of age and the adrenal cortex 

* Aided by grants from tbe Research Board of 
the University of California, the Rockefeller Foun- 
dation, and the Josiah llacy, Jr., Foundation, 
i Ingle, D. J., Endocrinol., 1942, 31, 419. 
t The adrenal medulla and all cortical tissue 
except a few cells adhering to the capsule were 
enucleated. 


was allowed to regenerate for 16 days. The 
animals were supported for the first 13 days 
of this period by 1% NaCl in the drinking 
water. The rats were then hypophysectomized, 
at 41 days of age. Pure ACTH 2 was injected 
for 15 days, beginning on the day of hypo- 
physectomy, in an effort to maintain the 
adrenal cortical tissue. The cortical response 
of the doubly operated animals was compared 
with that of an equal number of rats hypo- 
physectomized at the same age, in which the 
adrenal was intact. The daily dose of ACTH, 
0.2 mg, was divided into two intraperitoneal 
injections of 0.5 cc each. 

At autopsy the sella turcica of all hypo- 
physectomized rats was searched under 10-fold 
magnification for remnants of pituitary tissue. 

2 L*. C. IX., Evans, H. M., and Simpson, M. E., 
J. Biol. Chcm., 1943, 14», 413. 
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Sudan orange stain, X 21.5. 

Fig. 1. Adrenal of a normal 41-day -old male rat, illustrating the condition of the adrenal 
cortex at the time of hypophyseetomy. Xote the even distribution of tine lipid droplets, with a 
slightly greater concentration in the glomerulosa and a faint subglomerular zone of somewhat 
depleted lipid content. Weight of 2 adrenals 25 mg. 

Fig 2. Adrenal of a 56-day-old hypophvseetomized male rat, 15 days postoperative, the 
cortex is*inarkedly reduced in width. The lipid occurs in coarse droplets and there is a wide 
subglomeruiar sudanophobe zone. Weight of 2 adrenals 10 mg 

Fro 1 Adrenal of a 56-day-old hypophvseetomized rat treated with <1.2 mg of puie ACTH 
1 ;i,. fir Wdnvs beginning on the day of hypophyseetomy at 41 days of age. The cortex has 
? a J pnmnletelv maintained and even slightly hypertrophied, as shown by the strikingly uniform 
aaSSSSS^ e»«™^tl.; oblitei-ating even the narrow subglomerular zone 

of the normal e^terated^drenal cortex of' a 41-difv-old male rat which was adrenal-demedullated 
Fig. 4. g ^ cortical tissue lias reorganized in the normal zonal relationships around 

at 2 a days of g^ Jiarrow subglomerular zone of lipid depletion characteristic of the normal 

m akis d - iSC B"g^ratId fdrenafeortex ofTsdAny-old male rat which was adrenal-demedullated 
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at 25 days of age and Iiypophyseetonuzed at 41 days of age. During the 15 daj s elapsing since 
the second operation, the typical pattern of hypophyseetomy has been supei imposed upon the 
regenerated cortex. 'Weight of eortical tissue 8 mg. 

Pig. 6. Regenerated adrenal cortex of a 56 day old male rat nlueli was adienal demedulluted 
at 25 days of age, Iiypophyseetonuzed at 41 days of age and tiejted, beginning immediately aftei 
opeiation, i\ith 0 2 mg of pure ACTH daily foi 15 days. The coitical lipid distribution is 
entirely comparable to that seen in the injected hypophyseetomized animal with intact adieuals, 
and the same evidence of hypei trophy is seen in the obliteration of the subglomerular zone 
(Pig. 3). Reorganization of the regenerated eortical tissue has adi anted as much undei the 
influence of ACTH as m the presence of the pituitaij. Weight of coitical tissue 17 mg 


Any questionable tissue was serially sectioned 
and examined Atrophy of the thyroid and 
gonads gave additional evidence for complete 
removal of the pituitary. The adrenal tissue 
of the “demedullated” rats was sectioned seri- 
ally and examined for remnants of medullary 
tissue Any animals in which fragments of 
pituitary or adrenal medullary tissue had 
been left at operation have been eliminated in 
reporting the results of the experiment. 

A total of 42 rats was used. It was neces- 
sary to provide appropriate controls for each 
important period in the experiment, in order 
to establish: (1) the extent of cortical regen- 
eration 16 days after adrenal demedullation, 
at which time hypophyseetomy was performed 
and injections were begun; (2) the condition 
of the adrenal cortex of the normal animal 
at that time; (3) the effect of hypophysec- 
tomy upon both regenerated and normal cor- 
tical tissue, as seen 15 days postoperatively, 
at the end of the experiment; (4) the amount 
of additional cortical regeneration which had 
taken place in the demedullated animal pos- 
sessing a pituitary, during this 15-day period 
Accumulated data on normal 56-day-old rats 
were available for the controls at the end 
of the experiment 

The distribution of animals into experi- 
mental and control groups may be seen in 


Table I. Initially there were 6 animals in 
each group. 

Results. As will be seen in Table I, there 
was no difference in cortical weight response 
to ACTH conditioned by the presence or 
absence of medullary tissue. The dose used, 

0 2 mg daily, was adequate to maintain the 
adrenal weight at the time of hypophyseetomy 
in both types of experimental animal. The 
thymus was also weighed as a further measure 
of cortical response, and its reduction was 
found to have been equally drastic in both 
types of animal receiving ACTH. 

Frozen sections of the adrenals, stained 
with Sudan orange, are illustrated in Fig 

1 to 6. and the salient features of cortical lipid 
distribution are described there The regen- 
erated cortical tissue in demedullated adrenals 
was protected against the effects of hypo- 
physectomy by this dose of ACTH as com- 
pletely as was the cortex of intact adrenals 
(Fig 3 and 6). Although the weights had 
not been increased above the operative level, 
the adrenal cortex m both hypophyseetomized 
and doubly operated animals showed some 
evidences of hypertrophy Vividly sudano- 
philic lipid, in droplets slightly larger than 
normal, was distributed evenly throughout the 
entire width of the cortex, obliterating even 
the narrow subglomerular zone characteristic 


TABLE I. 

Response of H\pophtbu.toniized Rats to ACTH in the Piesenee oi Absence ot the Adienal Aledulla 




Adienals mtaet 



tdiemls 

demedullated 

Treatment 

No of 

Bodj 

Adrenals 

Thymus 

No of 

Bodx 

Cortical 

Tlijnms 

1 .Its 

"t g 

"t, mg 

"t, mg 

rats 

"t,g 

tissue, mg 

"t.mg 

Conti ols at time of lnpopliy 
scitonn 41 dins old 
Hypophyseetomized, VCTIi 

b 

133 

25 

3b4 

<> 

139 

17 

402 

foi 15 diys 

Hvpophj sectomized controls 

6 

105 

24 

63 

b 

315 

17 

91 

at nitopsy, 15 dnys post 
operatne 

6 

115 

10 

19b 

G 

124 

10 

199 

Controls* at autopsy, 5b days old 

54 

215 

34 

451 

5 

215 

22 

436 
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of the normal male.* The cortical tissue of 
the ACTH-treated doubly operated animals 
seemed, in addition, to have undergone reor- 
ganization beyond that seen at the time of 
hyp ophysectomy ; it resembled more closely 
the condition in the demedullated controls at 
autopsy, in which the cortical tissue had been 
continuing regeneration under the influence 
of the animal’s own pituitary. 

Conclusions. The stimulating action of 
ACTH on the adrenal cortex of hypophysec- 


tomized rats, as far as could be judged by 
adrenal weights and by morphology as seen 
in lipid stains, was the same in the absence 
of the medulla as in the intact adrenal. 


} This is the typical picture of adrenal hyper- 
trophy which lias been obtained upon administra- 
tion of adequate doses of ACTH to normal, liypo- 
physectomized, gonadectomized, hypophysec- 
tomized-gonadectomized or hypophysectomized- 
thyroidectomized male rats. 
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Hypertension Produced in Dogs by Unilateral Ligation of Periadrenal Blood 

Vessels and Tissue. 

Joseph Victor. 

from the Jtcscarch Service, First (Columbia) Division, Goldwatcr Memorial Hospital, Depart- 
ment of Hospitals, and the College of Physicians and Surgeons, Columbia University, -V. Y. City. 


The possibility that adrenal ischemia may 
cause hypertension was investigated in the 
present experiments which are concerned with 
the effect of decreased adrenal blood supply 
upon systemic blood pressure. 

Method. Mongrel dogs were employed. 
Systolic blood pressure was determined indi- 
rectly by a mercury manometer attached to an 
inflated cuff wrapped around the hind leg just 
above the ankle of trained unanesthetized 
dogs. Systolic pressure was indicated by the 
pressure at which pulsation of the dorsalis 
pedis artery was first palpable when the air 
in the cuff was released. The cuff was inflated 
15-30 successive times to determine the range 
of systolic pressure. These observations were 
checked by direct measurements with the 
Hamilton manometer with readings from the 
femoral artery and showed agreement within 
5-15 mm Hg. Animals were housed in sep- 
arate ca"es. Blood pressures were recorded 
daily for a preliminary period of 3-6 weeks. 
Then either a sham operation in the adrenal 
area or one to decrease adrenal blood flow was 
performed on one adrenal. Thereafter blood 
pressures were taken daily. Urine analysis 
and blood NPN levels were obtained before 
and after operation. 


Operation. The left adrenal was chosen 
because it was more easily exposed than the 
right. Blood vessels come to the left adrenal 
from the aorta to the hilum, from the dia- 
phragm to the superior pole and from below 
to the inferior pole. Many arteries enter the 
adrenal from pericapsular fat and connective 
tissue. Because of the extreme vascularity of 
the tissue around the adrenal it seemed that 
an operation which would constrict or obstruct 
large numbers of vessels around the capsule 
would be most favorable for diminishing blood 
supply. Two ligatures of No. 13 white sur- 
gical silk braid were tied about vascular fat 
and connective tissue adjacent to the adrenal. 
One was placed around the hilar artery and 
vein and the other around grossly visible 
arteries and veins at either the superior or 
inferior pole. The area involved in the liga- 
ture was about 1.0 x 0.5 cm. The procedure 
just described was used on 5 dogs. In a sixth, 
No. 391, an artery to the inferior pole and the 
hilar vein were stripped of fat and connective 
tissue and ligated with No. 11 surgical silk. 
To rule out non-specific effects of these pro- 
cedures, sham operations were performed in 
3 dogs, 2 of which had subsequent operations 
for producing adrenal ischemia. A ligature of 
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TABLE I. 


Hj pertension Produced m Dogs by Unilateral Ligation of Pen.idienal Tissue and Blood Vessels. 


Dog No 

Sj stolie blood pressure, 
inm Hg. 

Blood piessui e, 
Months after mm Hg. 

ligation Sjstolie/diastolie 

NPN 

Befoie 

ligation 

After slum 
operation 

After 

ligation 

361 

100 150 


ISO 2G1 

0 

>61/119 

34 ' 

3S4 

125 190 


190 262 

7 

248/102 

32 

385 

130 190 


195 267 

7 

267/112 

30 

386 

110 200 

130 210 

190 253 

4 

253/130 

29 

387 

120 140 

110 150 





390 

110 170 

130 170 

210 2S0 

4 

241/131 

36 

391 

130 190 


176 255 

o 

255/108 

33 


the same material described above was placed 
through the peritoneum over the surface of 
the adrenal. Care was taken not to include 
any grossly visible blood vessels. 

Results. Dogs, 4 female and 1 male, sub- 
jected to unilateral ligation of periadrenal 
blood vessels and tissue developed within 1-3 
days elevation of blood pressure which has 


persisted to the present, 2-7 months later. 
Another male dog, No. 391, had hypertension 
after ligation of one artery running to the 
lower pole of the gland and of the hilar vein. 
Both systolic and diastolic pressure were 
elevated in all cases, the latter being over 100 
mm Hg. and the former going as high as 280 
mm Hg (Table I). 


HYPERTENSION AFTER LIGATION OF TISSUE AQJACEN'I 
TO ADRENAL 


SYSTOLIC 

BLOOD PRESSURE 
MM HG 



Fig X. 

tortic.il lines indicate l ingcs of svstolie blood piessuies Uppei md lower crosses (X) 
icpresent sjstolic and diastolic piessuies icspeetiveh Sham operation on right adrenal had no 
e feet but ligation of left peiiadrenal tissues and blood vessels produced hvpei tension. 
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Sham operation produced no change in 
systolic blood pressure in 3 dogs which were 
followed for 6 weeks. Subsequent operations 
in which periadrenal blood vessels and tissues 
were ligated in dog No. 390 and No. 3S6, 
Fig. 1, caused elevation of blood pressure 
which has persisted until the present, 4 
months later. To date, there have been no 
significant changes in the urine analysis or 


blood NPN levels of the hypertensive dogs. 

Conclusion. A prompt and sustained 
hypertension was produced in 6 dogs by uni- 
lateral subtotal ligation of periadrenal blood 
vessels and tissue. 

It is a pleasure to thaak Miss Goldie Spicier and 
Mr. Dominick Triolo for their assistance in these 
observations. 
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The Production of Shock in Rats by the Drum Method.* 
Roland K. Meyer and Elva G. Shipley. 

From tlic Department of Zoology, University of Wisconsin, Madison, Wis. 


Noble and Collip 1 described a method by 
which rats were subjected to graded degrees 
of trauma by tumbling in drums for varying 
periods of time. Animals subjected to this 
type of trauma did not develop complications 
of hemorrhage and infection. The undesirable 
factor of an anesthetic was likewise eliminated. 
Hemoconcentration and other pathological 
changes ascribed to the condition of shock did 
develop. These workers found that the drum 
method produced a better graded and con- 
trolled type of trauma than any other method 
they tried, and made use of it in subsequent 
experiments.-’ 1 ' Zahl, Hutner, and Cooper 4 
used the method and confirmed Noble and 
Collip’s results as to the number of turns, 
percentage of deaths, survival time, and repro- 
ducibility. Chambers, Zweifach, and Lowen- 
stein r> employed the method to study circula- 
tory reactions of rats, and Clarke and Cleg- 
horn 6 used the drug method to study tissue 
potassium and phosphorus in shocked rats. In 
our laboratory we were interested in finding 
a method for producing shock which would 
give as nearly uniform and reproducible re- 
sults as possible in animals to be used for 
biochemical studies. We wished to determine 
the chemical changes in the blood and tissues 
of animals in shock, and in animals which 
had received sublethal stimuli under condi- 
tions which could be readily controlled so 
that a quantitative relationship between the 
sublethal and lethal stimuli could be defined. 


As the tissues were to be analyzed for ex- 
tremely labile substances they had to be frozen 
in situ with liquid air. The necessity for 
rapid freezing precluded the use of any animal 
larger than a rat. The method of Noble and 
Collip for production of shock was chosen 
because it seemed best to meet the require- 
ments for the chemical investigations and 
also because it simulates battlefield conditions 
insofar as it has the elements of violent exer- 
cise and excitement as well as trauma. 

The blood and tissue studies of rats which 
had been shocked by the drum method will b e 
reported in other papers. r ’ s 
This report is concerned with results ob- 

- Tlx* work described in this paper was dent 
under a contract, recommended by the Committee 
on Medical Research between tire Office of Scientific 
Research and Development and the University of 
Wisconsin. 

i Noble. R. L., and Collip, J. B., Quart. J. Exp. 
Physiol., and Cog. Med. Sci., 1942, 31, 187. 

Noble, R. L., and Collip, J. B., ibid., 201. 
s Noble, R. L., Am. .7. Physiol., 1942, 138, 340. 

■i Zahl, P. A., Hutner, S. H., and Cooper, F. S., 
J. Pharm. and Exp. Therap., 1943, 77, 143. 

3 Chambers, R. W., Zweifach, B. W., and Lowen- 
stein, B. 13., Am. J. Physio!., 1943, 139, 123. 

<1 Clarke, A. P. \V„ and Cleghorn, R. A., Endo- 
crinol, 1942, 31, 597. 

* McSlian, W. H., Potter, V. R., Goldman, A., 
Slupley, E. G., and Meyer, R. K., Am. J. Physiol, 
1945, 143, 93. 

8 LePage. G. A., unpublished data. 
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tained with the Noble-Collip method of pro- 
ducing shock in the Sprague-Dawley strain of 
albino rats, in a strain of cancer-resistant rats, 
and in adrenal enucleated rats of the Sprague- 
Dawley strain. 

Materials and Methods. The apparatus 
used for producing shock was like that de- 
scribed by Noble and Collip except that the 
drums had a diameter of 16 inches as recom- 
mended by the authors. 1 Each of the drums 
had two baffles and the drums were set to 
rotate at 40 r.p.m. Metal screen was used to 
replace the glass in the doors so as to provide 
better ventilation. 

Adult male albino rats of the Sprague- 
Dawley strain, weighing 250-300 g were used. 
These rats had been in the laboratory 5 days 
or longer before being used in any of the 
experiments. The cancer-resistant strain of 
rats were those maintained by Dr. M. F. 
Guyer of the Zoology Department and we are 
indebted to him for supplying us with them. 
Males weighing 250-300 g were used. 

The adrenal-enucleated rats were Sprague- 
Dawley rats in which the adrenal capsule had 
been opened and the cortex and medulla re- 
moved by applying light pressure to the 
capsule. The animals were maintained on 
1% NaCl as drinking water for 10 days until 
the adrenal remnant had regenerated suffi- 
ciently to maintain the animals. The rats 
weighed 125 to 175 g at the time of adrenal 
enucleation. They were used for the experi- 
ment five to six weeks later, at which time the 
weight ranged from 260 to 360 g. It was 
obvious that their appetites had been normal 
and that normal growth had ensued since the 
average weights were approximately doubled. 

Rats were considered to survive if they 
lived more than 24 hours after tumbling in 
the drums. To eliminate the possibility of 
protection from jumping over the baffles the 
forepaws were fastened together with adhesive 
tape before the rats were placed in the drums. 

Results and Discussion. The animals dying 
from drum trauma showed essentially the 
same changes in appearance as described by 
Noble and Collip. 1 These included extreme 
vascular dilatation in the intestine and its 
mesentery, reddening of the muscles of the 
abdominal wall, frequent hemorrhage into 


the lumen of the intestine and petechia in 
the intestinal walls. Lungs sometimes showed 
either petechia or marked congestion. The 
heart contained little blood and it was thick 
and viscid. Rarely did an animal show any 
subcutaneous, cranial, or muscular hemor- 
rhage. Teeth and claws were frequently 
broken and the feet were often slightly 
bruised. The liver was engorged and some- 
times small breaks and tears occurred. No 
broken or torn places were ever observed in 
the spleen. Both adrenals and kidneys often 
showed congestion. 


TABLE I. 

Survival of Bats to Drum Shock. 


Xo. of rats 

Time,’' min. 

% survival 

14 

4 

100.0 

44 

8 

65.6 

42 

10 

71.4 

125 

12 

47.2 

63 

13 

9.5 

16 

15 

4.3 


’ Dium revolved 40 times per minute. 


The data in Table I show the results ob- 
tained by use of 304 male rats of the Sprague- 
. Dawley strain. The per cent of animals sur- 
viving is less in almost all cases than was 
obtained by Noble and Collip at comparable 
periods of rotation. These results together 
with ours on conditioning 11 indicate that the 
Sprague-Dawley strain of rats is not as re- 
sistant to trauma of this type as are the rats 
of the strain used by Noble and Collip. 

Table II summarizes the results of testing 
the effect of varying one factor at a time on 
survival of groups of rats. The first factor 
which was modified was that of taping all 
paws in contrast to taping only the front 
paws as was done regularly when producing 
Noble-Collip shock. Slightly better survival 
was obtained when both pairs of paws were 
taped together. The survival was 42.9% as 
compared to 21.5% when only the front paws 
were taped. 

8 Freeman, X. E., Freedman, EL, and Miller, 
C. C., Am. J. Physiol., 1941, 131, 545. 

Bulbring, E., and Burn, J. H., J. Physiol., 
1942, 101, 289. 

ii Shipley, E. G. t Meyer, B. K., and Mc'Skan, 
tV. H., unpublished data. 
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Sham operation produced no change in 
systolic blood pressure in 3 dogs which were 
followed for 6 weeks. Subsequent operations 
in which periadrenal blood vessels and tissues 
were ligated in dog No. 390 and No. 386, 
Fig. 1, caused elevation of blood pressure 
which has persisted until the present, 4 
months later. To date, there have been no 
significant changes in the urine analysis or 


blood NPN levels of the hypertensive dogs. 

Conclusion. A prompt and sustained 
hypertension was produced in 6 dogs by uni- 
lateral subtotal ligation of periadrenal blood 
vessels and tissue. 

It is a pleasure to thank Miss Goldie Spierer and 
Hr. Dominick Triolo for their assistance in these 
observations. 
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The Production of Shock in Rats by the Drum Method.* 

Roland K. Meyer and Elva G. Shipley. 

From the Department of Zoology, University of Wisconsin, Madison, Wis. 


Noble and Collip 1 described a method by 
which rats were subjected to graded degrees 
of trauma by tumbling in drums for varying 
periods of time. Animals subjected to this 
type of trauma did not develop complications 
of hemorrhage and infection. The undesirable 
factor of an anesthetic was likewise eliminated. 
Hemoconcentration and other pathological 
changes ascribed to the condition of shock did 
develop. These workers found that the drum 
method produced a better graded and con- 
trolled type of trauma than any other method 
they tried, and made use of it in subsequent 
experiments. 2,3 Zahl, Hutner, and Cooper 4 
used the method and confirmed Noble and 
Collip ’s results as to the number of turns, 
percentage of deaths, survival time, and repro- 
ducibility. Chambers, Zweifach, and Lowen- 
stein r ' employed the method to study circula- 
tory reactions of rats, and Clarke and Cleg- 
horn 0 used the drug method to study tissue 
potassium and phosphorus in shocked rats. In 
our laboratory we were interested in finding 
a method for producing shock which would 
r ,jve as nearly uniform and reproducible re- 
sults as possible in animals to be used for 
biochemical studies. We wished to determine 
the chemical changes in the blood and tissues 
of animals in shock, and in animals which 
had received sublethal stimuli under condi- 
tions which could be readily controlled so 

that a quantitative relationship between the 
sublethal and lethal stimuli could be defined. 


As the tissues were to be analyzed for ex- 
tremely labile substances they had to be frozen 
in situ with liquid air. The necessity for 
rapid freezing precluded the use of any animal 
larger than a rat. The method of Noble and 
Collip for production of shock was chosen 
because it seemed best to meet the require- 
ments for the chemical investigations and 
also because it simulates battlefield conditions 
insofar as it has the elements of violent exer- 
cise and excitement as well as trauma. 

The blood and tissue studies of rats which 
had been shocked by the drum method will be 
reported in other papers. 7 ' s 
This report is concerned with results ob- 

’ The work described in this paper was done 
under a contract, recommended by the Committee 
on Medical Research between the Office of Scientific 
Research and Development and the University of 
Wisconsin. 

1 Noble, R. L.. and Collip, J. B., Quart. J. Fry. 
Physiol, and Coy. itecl. Sci., 1942, 31, 1S7. 

2 Noble, R. L., and Collip, J. B., ibid., 201. 

» Noble, R. L., Am. J. Physiol, 1942, 138, 34fi. 
i Zahl, P. A., Hutner, S. H., and Cooper, F. S., 
J. Pharm. and Exp. Therap., 1943, 77, 143. 

3 Chambers, R. W„ Zweifach, B. W., and Bowen- 
stein, B. E., Am. J. Physiol, 1943, 130, 123. 

« Clarke, A. P. W., and Cleghorn, R. A., Endo- 
crinol, 1942, 31, 597. 

7 McSlian, IV. II., Potter, V. R., Goldman, A., 
Shipley, E. G., and Meyer, R. K., Am. J. Physiol, 
1945, 145 , 93. 

8 BePage. G. A., unpublished data. 
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shock than are normal animals.-' 12 ’ 13 ’ 14 Nu- 
merous investigators have tried the effects of 
adrenal-cortical extracts as prophylactic and 
as therapeutic agents in shock produced by 
various means in both normal and adrenalec- 
tomized animals Some of them have found 
the adrenal cortical hormones of benefit 1 ’ 1 ' 11 
and others found no beneficial effects from 
use of these hormones 18 ' 2 ’ In general it may 
be said prophylaxis with adrenal cortical ex- 
tracts was found to be of more benefit than 
therapeusis, and that a greater increase in 
survival was found in treated adrenalectomized 
than in treated intact animals. The findings of 
these authors together with our results in 
adrenal-enucleated rats suggest that a mini- 
mum quantity of adrenal cortical hormones 


l- Swingle, W W , and Paikins, W. M, Am J 
Phynol, 1935, 111, 426. 

n Swingle, tV W, Remington, H. W, Collmgs, 
J. W , and Parkins, W 51 , Jin J Physiol , 1941, 
132, 249 

HHechtei, 0, Kiolin, L, and Haras, J, Endo 
ciinol , 1942, 31, 439 

i"> Katz, L N , Killian, S T , Asliei , R , and 
Perlow, S, Am J Physiol, 1942, 137 79 

30 M eil, P G, Rose, B, and Bionne, J S L, 
Canad Med Assn J , 1940, -43, 8 

i“Slilesei,I H , and Asliei, R Am J Physiol, 
1942, 138, 1 

is Bessei, E L, Aicli Smg , 1941, -43, 249 
is Pine, J , Fisclimann, J , and Prank, II A , 
Sill q , 1942, 12, 1 

Iluizenga, K A, Biofnnn, B L, and IVig 
geis, C J , J Phurm and Exp Thciap , 1943, 
78, 193 

21 Ingle, D J , Am J Physiol , 1943, 139, 4G0 
-’2 Keating, P R , Ji , Power, 51 II , and Rj neai 
son, E H , Cuiient Reseat cli in Anestli and Anal g , 
1942, 21, 207 

ai Kostei, H , and Kasman, E P, Aich Surg , 

1942, 45, 272 

21 Swingle, W W, 0\ ennui, R R, Remington, 
J W, Kleinbeig, W, and Eieisole, W J, Am J. 
Physiol , 1943, 139, 481 

2"> Wigger, C J, l mi Hasp Pull Ann Aibor, 

1943, 9, 61 


are needed to protect an animal against 
trauma and that increasing the amount of the 
extracts is of no further benefit, whereas a 
decrease in quantity is detrimental. 

As a cancer resistant strain of rats was 
readily available it became of interest to 
determine whether resistance to cancer might 
be linked with resistance to trauma. Included 
in Table II are the results obtained from 
subjecting 30 adult male rats of the cancer- 
resistant strain to graded degrees of trauma 
in the Noble-Collip apparatus. The survival 
at 12 minutes and 10 minutes were respec- 
tively 20% and 30%. These results do not 
seem to show any marked variations from 
those obtained with the Sprague-Dawley 
strain, but the percentages of survival are 
slightly lower. 

Summary. 1. Varying degrees of shock 
can be produced in rats by subjecting them 
to various periods of trauma in Noble-Collip 
drums The method appears to be suitable 
for use where graded and reproducible degrees 
of trauma are desired 

2. The percentages of survival were, for S 
minutes of tumbling, 100%, for 8 minutes, 
65 6%, for 10 minutes, 71 4%, for 12 min- 
utes, 47 2%, for 13 minutes, 9 5%; and for 
15 minutes, 4 3%. 

3 The Sprague-Dawley strain and a cancer- 
resistant strain of rats were found to be less 
resistant to trauma of the Noble-Collip type 
than were rats used by other investigators 

4 Survival of previous hemorrhage did not 
increase resistance to Noble-Collip trauma, 
but appeared to decrease resistance to some 
extent. 

5. Adrenal enucleation decreased the re- 
sistance of rats to Noble-Collip trauma 
although regeneration of cortical tissue had 
been sufficient to support normal growth and 
to maintain the rats in a healthy state 

6. Protection to the abdomen and taping of 
the paws gave only limited protection to the 
rats of the Sprague-Dawley strain subjected 
to Noble-Collip shock. 
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TABLE II. 


Alteration in Resistance of Rata to Drum Shock by Various Factors. 


No. of rats 

Time run,* min. 

factor modified 

% survival 

14 

12 

Taping paws — all taped 

42.9 

14 

12 

” ” fore pans taped 

21.3 

19 

12 

Bled one week previously 

5.1 

S 

12 

Without abdominal girdle 

0.0 

14 

12 

With ” ” 

. 30.0 

0 

12 

Adrenal enucleation 

0.0 

6 

12 

Intact adrenals 

10.7 

24 

10 

Adrenal enucleation 

8.3 

12 

10 

Intact adrenals 

50.0 

20 

12 

Cancer resistant 

20.0 

10 

10 

J f f > 

30.0 


* Drum revolved 40 times per minute. 


To determine the effect of protection to 
the abdomen on survival, 2 groups of rats 
were run simultaneously in the Noble-Collip 
drums for 12 minutes. One group was without 
protection and the second group was protected 
by having a strip of heavy muslin wrapped 
snugly around the abdomen of the rat and 
fastened in place with adhesive tape. The 
strips were wide enough to cover the space 
between the fore and hind legs and was long 
enough to make 4 or 3 thicknesses when in 
place. Some degree of protection against the 
development of shock was afforded by girdling 
the abdomen but this protection was not com- 


plete, as is indicated by the data in Table II. 
Chambers, Zweifach, and Lowenstein 5 found 
that protection of the abdomen during 
tumbling prevented the development of a 
shock-like state in rats subjected to rotation 
up to 1000 revolutions. Fifty per cent of our 
rats with abdominal protection survived 
while none of the controls survived. 

Four groups of rats which had survived 
bleeding to produce hemorrhagic shock were 
subjected, one week later, to 12 minutes of 
Noble-Collip shock to see if protection had 
developed as a consequence of the bleeding. 
Only 1 rat out of 19 survived the Noble- 
Collip shock. Comparing the 5.2% survival 
in these rats with the 47.2% survival m normal 
rats it is obvious that a decreased rather than 
•in increased resistance resulted. 

The adrenal-enucleated rats ' ve ^ * 

taneously with control rats. 


minute periods of tumbling were used. None 
of the adrenal-enucleated and only 1 control 
survived 12 minutes. At 10 minutes 8.33 /o 
of 24 adrenal-enucleated and 50% of 12 
unconditioned rats survived. All of the 
adrenal-enucleated rats were autopsied and 
the regenerated adrenals were removed to 
determine whether regeneration had occurred. 
In all cases regeneration of the cortex had 
occurred. Thus it would seem that loss of the 
adrenal medulla or perhaps inadequate regen- 
eration of cortical tissue had decreased the 
percentage of survival. Freeman, Freedman, 
and Miller 7 produced a shock-like state by 
the infusion of adrenaline. Bulbring and 
Burn 10 found that small amounts of adrena- 
line augment transmission in sympathetic 
ganglia and adrenaline in large amounts de- 
presses transmission. The authors conclude 
that sudden liberation of large amounts of 
adrenaline was more likely to produce per- 
manent circulatory damage than small 
amounts. If liberation of adrenaline con- 
tributes to the production of shock, then the 
removal of the adrenal medulla should increase 
the percentage survival in shocked animals, 
which have been subjected to overwhelming 
sensory stimuli. However, the results of our 
experiments do not support this conclusion 
but it is to be emphasized that the cortex was 
also largely removed, leaving remnants under 
the capsule for regeneration. Several investi- 
gations have shown that adrenalectomized 
animals are more susceptible to all types of 
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TABLE I. 

Tumor Takes m R its Inoculated with Embiyo Skill (of the same strain) Pnor to Tiimoi Implantation. 


. of i.its 

Latent 

penod, 

days 

Initial 
tumor size, 
mm 

Maximum 
tumor size, 
mm 

Remarks 


1 

10 

8x7x6 

35x18x14 

Died 24 days following implantation of tumor. 

2 

10 

5\4\4 

30x16x14 

Died 24 days following tumor transplantation. 

3 

10 

6x5x4 

33x23x20 

7 7 0(j 7 7 7 7 > * 


4 

10 

6\6\5 

28x20x19 

7777 77 77 77 


J 

10 

7xfixo 

.36x25x18 

7777 77 77 77 


(5 

12 


35x24x26 

7 7 Qg 7 7 Ti 7 7 


7 

12 

4v4x3 

38x25x24 

7777 77 77 77 

7 7 

s 

12 

6\4\4 

28x25x29 

Killed for tumoi tiansplantation 


9 

12 

5x4x4 

29x21x18 ] 

, 


10 

14 

G\5\4 

32x26x22 

t 


11 

14 

4x4x3 

28x24x16 | 

AH these rats died within 30 to 40 days fol- 

12 

14 

5x5x4 

30x25x20 

f lowing implantation of the tumor. 


13 

14 

6x4x4 

28x22x18 

1 


14 

14 

6x5x4 

32x25x19 1 

! 


15 


No growth occuned 

This lat was lesistant to the primary and to 


subsequent tumor grafts 


resuits as in the previous experiments,^' 
namely the percentage of takes, the latent 
period of the takes, and the initial and maxi- 
mum tumor size 

In Table I are recorded the observations 
made on the rats treated with homologous 
embryo skin prior to tumor grafting and in 
Table II those of controls A comparative 
analysis of the data recorded in these tables 
reveals the following. Of the 15 experimental 
rats in Table I 14 developed tumors following 
a latent period from 10 to 14 days, while 
among the 6 control rats recorded in Table II 
all developed tumors following a latent period 
of 12 days Judged by the initial and maxi- 
mum tumor sizes of both experimental and 
control experiments, the tumors developed at 
approximately the same rate until the death 
of the animals 

Xo significance can be attributed to the 


fact that one of the 15 rats treated with 
embryo skin was refractory to the tumor 
grafts, or to the extended latent period of 14 
days among some of these rats (Table I) 
instead of 10 to 12 days occurring among 
controls (Table II) in regard to the immuniz- 
ing effect of the embryo skin. Such single 
instances were repeatedly observed among 
control animals of previous experiments. This 
observation holds particularly true where 
larger numbers of animals are being used. 
Rat 15, which proved to be refractory to the 
first tumor graft, was found likewise to be 
refractory to subsequent tumor implants. 
Such a phenomenon has been repeatedly ob- 
served among rats of previous experiments. 
If the first graft fails to produce a tumor, the 
animal remains refractory to subsequent tumor 
grafts 

It seems safe to conclude, from the ob- 


Xo of rats 


TABLE II. 

Tumoi Takes m Conti ol Rats of the Same Strain } 


Lateat period, day s* Initial tumor size, mm Max tumoi size, nun t 


31x18x15 

35x22x17 

34x19x15 

28x20x16 

34x30x19 

38x29x22 


Latent period designates time elapsing between implantation of tumor giatts and first 
appeal anee of a detectable tumor. 


t Maximum tumor size reached at death of animal. 

* All i.its died within 25 to 40 days following implantation of tumoi grafts 
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Anna Goldfeder. 

I'rom the Laboratories of the A ew lor); City Cancer Institute unit front the Laboratory of 
Cellular Physiology, Department of Diology, Hew York University. 


A question of considerable interest was 
brought to my attention on the subject of 
induced resistance. The question was whether 
induced resistance can be produced by normal 
tissues. This concerns the relationship be- 
tween the immunizing agent and the genetic 
antecedent of the host. For example, a num- 
ber of investigators 1-11 were able to induce a 
resistant state to malignant growths including 
leukemia in hybrid animals by injecting 
normal homologous tissues, such as liver, 
spleen, blood, and embryo skin. On the other 
hand, similar results were not obtained 1 -' 11 
when pure lines of inbred strains of animals 
were used. From the two sets of observations, 


* Tiiis investigation was aided by a grant from 
tlie Ella Saelis Plotz Foundation for the Advance- 
ment of Scientific Investigation. 

1 Bashford, E.. Brit. lied. J., 1900, 11, 209; 
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it was concluded that the degree of induced 
resistance which can be produced depends 
upon the genetic relationship between the host 
and the immunizing agent, and that no re- 
sistance to tumor growth can be produced 
either with normal or with malignant tissues 
in animals of a pure inbred line. 

However, the author has reported 10 that 
there is a possibility of inducing immunity in 
animals of a pure line to a tumor which orig- 
inated in the same strain, provided the tumor 
grafts had been previously attenuated in vitro 
with specific doses of X-rays. 

It was of interest to investigate whether or 
not the same phenomenon could be demon- 
strated by the use of normal embryo skin of 
the same pure inbred strain of rats, for it 
has been shown 0,8,11,14 that embryo skin is the 
most effective agent among normal tissues in 
this respect. 

The technic employed here was similar to 
that employed by previous investigators 14 and 
consisted of the following; the skin of rat 
embryos was removed under strictly aseptic 
conditions, cut with sharp scissors into minute 
particles and a concentrated suspension pre- 
pared in a small amount of 0.85% saline 
solution. Portions of 0.3 cc of this suspen- 
sion were injected subcutaneously in the right 
side of a rat which had been previously shaved 
and cleaned with alcohol. Twelve days later, 
the left sides of the same rats were implanted 
by means of a trocar with grafts weighing 
about 3-4 mg of the reticulum cell type 
lymphosarcoma which originated in the same 
strain. As controls 6 rats of the same strain 
were implanted with grafts of the same tumor. 
Ail the rats of these experiments, both experi- 
mental and control, were males, the same 
criteria were used in the evaluation of the 

x.3 Goldfeder, Anna, Proc. Soc. Exp. Biol, and 
Med., 1945, 59, 104. 
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TABLE I. 

Tumoi Takes in R its Inoculated with Embiyo Skin (of the same strain) Piioi to Tumoi Implantation. 


of rats 

Latent 

penod, 

days 

Initial 
tumor size, 

mm 

Maximum 
, tumor size, 

mm 


Remarks 

i 

10 

S\7\0 

35x18x14 


Died 24 days following implantation of tumor. 


10 

5x4x4 

30x10x14 


Died 24 days following tumor tiansplantation. 

3 

10 

G\5\:4 

33x23x20 


>j 9g f i y ) yy 

4 

10 

6\6\5 

28x20x19 


yyyy y i u 77 >> 

5 

10 

7\6\5 

30x25\lS 


jj n 77 77 11 1 7 

A 

12 

6\6\4 

35x24x29 


yy 03 j 7 yy I’ 77 

7 

12 

4x4x3 

38x25x24 


1 1 7 1 7 7 7 7 1 7 1 y 

8 

12 

6x4x4 

2S\25.x29 


Killed for tumoi tiansplantation 

a 

12 

5x4\4 

29x21x18 

1 

1 


10 

14 

6x5x4 

32x20x22 


n 

14 

4\4\3 

28x24x10 

1 

All these rats died within 30 to 40 days fol- 

12 

14 

5x5x4 

30x25x20 

r 

lowing implantation of the tumor. 

13 

14 

G\4x4 

28x22x18 

) 


14 

15 

14 

0x5x4 
No glow tli 

32x25x19 
oeeuri ed 

j 

This lat was resistant to the pnmary and to 
subsequent tumor grafts. 


results as in the previous experiments, 1 " 
namely: the percentage of takes, the latent 
period of the takes, and the initial and maxi- 
mum tumor size. 

In Table I are recorded the observations 
made on the rats treated with homologous 
embryo skin prior to tumor grafting and in 
Table II those of controls A comparative 
analysis of the data recorded in these tables 
reveals the following: Of the 15 experimental 
rats in Table I 14 developed tumors following 
a latent period from 10 to 14 days, while 
among the 6 control rats recorded in Table II 
all developed tumors following a latent period 
of 12 days Judged by the initial and maxi- 
mum tumor sizes of both experimental and 
control experiments, the tumors developed at 
approximately the same rate until the death 
of the animals. 

Xo significance can be attributed to the 


fact that one of the 15 rats treated with 
embryo skin was refractory to the tumor 
grafts, or to the extended latent period of 14 
days among some of these rats (Table I) 
instead of 10 to 12 days occurring among 
controls (Table II) in regard to the immuniz- 
ing effect of the embryo skin. Such single 
instances were repeatedly observed among 
control animals of previous experiments. This 
observation holds particularly true where 
larger numbers of animals are being used. 
Rat 15, which proved to be refractory to the 
first tumor graft, was found likewise to be 
refractory to subsequent tumor implants. 
Such a phenomenon has been repeatedly ob- 
served among rats of previous experiments. 
If the first graft fails to produce a tumor, the 
animal remains refractory to subsequent tumor 
grafts 

It seems safe to conclude, from the ob- 


TABLE II. 

Tumoi Takes in Contiol Rats of the Same Stiam { 


Xo. of rats 

Latent period, days* 

Initial tumor size, mm 

Max tumor size, Mint 

i 

10 

5x5x4 

31x18x15 


10 

7x5x4 

35x22x17 

3 

10 

0x4x4 

34x19x15 

4 

12 

5x5x4 

28x20x10 

0 

12 

5x4x4 

34x30x19 

6 

12 

7\5\4 

3Sx29x22 


* Latent period designates time elapsing between implantation of tumor giafts and first 
appearance of a detectable tumor. 

t Maximum tumor size reached at death of animal. 

t All rats died w ithin 25 to 40 days following implantation of tumoi grafts. 
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A question of considerable interest was 
brought to my attention on the subject of 
induced resistance. The question was whether 
induced resistance can be produced by normal 
tissues. This concerns the relationship be- 
tween the immunizing agent and the genetic 
antecedent of the host. For example, a num- 
ber of investigators 1-11 were able to induce a 
resistant state to malignant growths including 
leukemia in hybrid animals by injecting 
normal homologous tissues, such as liver, 
spleen, blood, and embryo skin. On the other 
hand, similar results were not obtained 1 - -11 
when pure lines of inbred strains of animals 
were used. From the two sets of observations, 


* TJi is investigation was aided by a grant from 
tiie Ella Sachs Plotz Foundation for the Advance- 
ment of Scientific Investigation. 
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it was concluded that the degree of induced 
resistance which can be produced depends 
upon the genetic relationship between the host 
and the immunizing agent, and that no re- 
sistance to tumor growth can be produced 
either with normal or with malignant tissues 
in animals of a pure inbred line. 

However, the author has reported 10 that 
there is a possibility of inducing immunity in 
animals of a pure line to a tumor which orig- 
inated in the same strain, provided the tumor 
grafts had been previously attenuated in vitro 
with specific doses of X-rays. 

It was of interest to investigate whether or 
not the same phenomenon could be demon- 
strated by the use of normal embryo skin of 
the same pure inbred strain of rats, for it 
has been shown 0 - 8 ’ 11 - 11 that embryo skin is the 
most effective agent among normal tissues in 
this respect. 

The technic employed here was similar to 
that employed by previous investigators 14 and 
consisted of the following; the skin of rat 
embryos was removed under strictly aseptic 
conditions, cut with sharp scissors into minute 
particles and a concentrated suspension pre- 
pared in a small amount of 0.85% saline 
solution. Portions of 0.3 cc of this suspen- 
sion were injected subcutaneously in the right 
side of a rat which had been previously shaved 
and cleaned with alcohol. Twelve days later, 
the left sides of the same rats were implanted 
by means of a trocar with grafts weighing 
about 3-4 mg of the reticulum cell type 
lymphosarcoma which originated in the same 
strain. As controls 6 rats of the same strain 
were implanted with grafts of the same tumor. 
AH the rats of these experiments, both experi- 
mental and control, were males. The same 
criteria were used in the evaluation of the 

is Goldfeder, Anna, Proc. Soc. Exp. Biol, and 
Med., 1945, 59, 104 . 
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Noble-Collip 13 technic. 

The purpose of this paper is to report: 
(1) the method developed for producing 
graded tourniquet shock, (2) the effect of 
re-application of tourniquets on the percentage 
survival in rats, and (3) the hemoconcen- 
tration which occurred in tourniquet-shocked 
rats. 

Materials and Methods. The animals used 
for this study were adult male rats obtained 
from Sprague-Dawiey, Inc. The animais 
were kept in our laboratory for at least 5 days 
before being used, at which time they weighed 
250-325 g. They were maintained on the 
regular stock diet and tap water ad libitum. 

The tourniquets used were designed so that 
a set screw could be adjusted against a metal 
bar in such a way as to tighten a loop of cord 
slipped over the leg of the rat. The metal 
portions of the tourniquets were of brass and 
the cord was ordinary fish line. The tourni- 
quets were applied to both hind legs as high 
on the thighs as possible and tightened until 
the screws could no longer be turned by the 
normal amount of force applied by the fingers. 
When this was accomplished the muscles of 
the legs were rigid and the circulation was 
occluded as shown by cyanosis. The tourni- 
quets were left in position for varying periods 
of time, depending upon the degree of shock 
desired. 

The rats were anesthetized by Nembutal 
(Abbott Laboratories) given intraperitoneally 
just before the tourniquets were adjusted. The 
usual dose required was 0.2 cc. During the 
time the tourniquets were in place the animals 
were given additional amounts (0.05-0.10 cc) 
of Nembutal as needed to keep them in a 
semi-conscious state, but the anesthetic was 
not given after the tourniquets were removed. 

As an indication of the course of hemo- 
concentration occurring after the removal of 
the tourniquets, hemoglobin determinations 
were made on tourniquet-shocked rats by the 
method of Evelyn 14 for oxyhemoglobin. Blood 
for these studies was obtained by cutting off 
the tip of the tail. 


13 Nuble, R. L., and Collip, J. B., Quart. ,7. Exp. 
Physiol, and Cog. Med. Sci., 1941, 31, 201. 

14 Evelyn, K. A., J. Biol. Chem., 1936, 115, G3. 


Results and Discussion. Survival after 
tourniquet shock : The percentages of animals 
surviving application of tourniquets for vari- 
ous periods of time are summarized in Table I. 


TABLE I. 

Survival of Rats Subjected to Tourniquets for 
Varying Periods of Time. 


No. of rats 

Tourniquet applied 

% survival 


I\r 

min 


7 

3 

30 

100 

8 

3 

35 

75 

15 

3 

40 

4? 

12 

3 

45 

33.3 

33 

4 

(l 

3.0 

4 

4 

15 

0 

6 

4 

30 

0 

4 

8 

0 

0* 


* None of these rats survived more than 3 hours 
after removal of the tourniquets. 


It can be seen that the number of animals 
surviving decreased as the period of tourniquet 
application increased. The exact length of 
the survival period was not determined for 
every animal that died since some animals 
died during the night. The usual period of 
survival was 6 to 18 hours after removal of 
the tourniquets, but there seemed to be no 
correlation between the length of the period 
that the tourniquets were in place and the 
length of the survival period in those animals 
which died, except that when the tourniquets 
were applied for 8 hours the rats all died 
within 3 hours after removal of the tourni- 
quets (Table I). The usual course of events 
after tourniquet removal was a period of 
approximately 4 or 5 hours in which the animal 
seemed to be in good condition, in spite of the 
fact that the legs showed increasing edema. 
The circulation was restored soon after the 
release of the tourniquets except in an occa- 
sional rat in which the vessels to the limb 
were permanently occluded as indicated by 
the continued cyanosis of the limb and the 
absence of edema. In some cases cyanosis 
remained yet edema developed. This could be 
due to venous occlusion or loss of whole blood 
into the traumatized area. During the first 
1 or 2 hours after release the legs showed the 
greatest increase in size, but they continued to 
become gradually larger during the course of 
the first 5 or 6 hours. During that period fluid 
was lost into the tissue adjacent to the tourni- 
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servations recorded in the Tables I and II, that 
inoculations of embryo skin into rats of the 
same genetic constitution, fail to elicit a 
resistant state to grafts of a tumor autogenous 
to the strain. This observation is in accord 
with findings of previous investigators who 
likewise failed to elicit immunity in a pure line 
of animals with embryo skin of the same 
genetic line . 11 

Discussion. There is no intention here to 
discuss generally the genetic principles 
involved in the problem of induced resistance 
to malignant growth. As indicated in the 
previous communication 1 '’ the results obtained 
are specifically concerned with the reticulum 
cell type lymphosarcoma, originating in a 
pure line of rats of Dr. Bagg. It was sug- 
gested that the type of tumor may be respon- 
sible for the specific immune action in an 


inbred strain of rats. The results obtained 
from the experiment described in the ptesent 
paper brought further evidence, in this case, 
that the induced resistance is specific to the 
type of tumor and independent of the genetic 
inter-relation between the host and the immu- 
nizing agent, inasmuch as embryo skin of the 
same strain proved to be ineffective in elicit- 
ing the same phenomenon. 

On the other hand the results of the present 
paper are in full agreement with those ob- 
tained by other investigators, showing that 
no resistance to tumor grafts can be elicited 
in animals of a pure line with embryo skin 
of the same strain. 

Summary. Rats of a pure inbred line 
treated with embrym skin of the same strain 
failed to produce a resistant state to grafts 
of a tumor autogenous to the strain. 
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Flow the Depot t went of Zoology, Vnnasity of irueounii, Madison, iris 


The tourniquet method has been accepted 
as a valid means of producing experimental 
shock and numerous investigators have used 
some variety of tourniquets on laboratoiy 
animals, including albino rats Some inves- 
tigators have used rubber bands , 1 - cord 
tied tightly or wrapped in numerous turns 

* The woik desuibed in this, pupei was done 
under a contiaet, mommended In the Oommittn 
on Medical Reseauh, between the Offiie ot Suen 
tide Reseauh and D« elopment and the Cnncisitj 


of Wisconsin 

1 Allen, F. if, Am. Sing , 1943, GO, 331 
a Allen F. it , At eh Phys Thei . 1943, 24, 327 
j Ingle, D J , Am. J Physiol , 1943, 130, 400 
1 Kutzeustein, R, it) Ion, E, and M.ntenuU, 
M C Am Phymol , 1913, ISO, 30/ 

* Klembeig, AV, Remington J W„ Console, 
W. J , Oveinnn, R. R , and Swingle, W V , Am J 

Physwl , 1943, 140 , 191- 

iKMylon, E , Wmtermt,, M 0 and de Snto 
y,ig } , G. J., -4»> J Physwl, 1943, 130, 313 


about the leg,’ s and compression from clamp 
devices to cut off the circulation to a limb 9,1 
We were interested in standardizing the tour- 
niquet method so that graded and reproducible 
degrees of trauma could be effected Animals 
shocked by this method were to be used in 
making biochemical studies for comparison 
with similar studies 11 1J on rats shocked by the 

7 3 Xj loll, E , Wintermtz, 31 C , KatzenMom, K , 
and de Suto Xugj, G J, Am J Physiol, 194-, 
137 , 280 

s Swingle, W W., Oieiman, R R Remington, 
J W , Kleiuberg, W , and JGversole, W J, Am. J- 
Physiol , 1943, ISO, 481 

a Gieen, H X, C.imb, 31 A, and Shelf, 31 SC., 
Lancet, 1943, 11 , 147 

t" H.nst, R E , and H inultou, J. 1 , J Physiol , 

1944, 102 , 471 

11 LePage, G A , unpublished data. 

12 Me Shan, W H , Potter, V R , Goldman, A., 
Slnplei, E G , and 31e> er, R K,Jm J Physiol, 

1945, 113, 93 
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TABLE II. 


Survival of Bats After Beapplieation of Tourniquets Following Varying Periods of Belease. 



Tourniquet 

Tourniquet 

Tourniquet 


No. of rats 

applied 

released 

reapplied 

% survival 


Ur Ur 
6 4 1 
6 4 2 
6 4 3 
6 4 4 
8 4 5 
S 4 6 
8 4 7 


concentration in animals at the time of death 
would preclude the use of it as an indication 
that the irreversible stage had been reached in 
tourniquet shock. 

Reap plication of tourniquets: Experiments 
were designed to find the stage at which the 
irreversible condition is reached in tourniquet 
shock, and to determine if it is the period of 
ischemia alone or some subsequent change 
that is the decisive factor in this type of 
shock. Adult male rats were subjected to 
tourniquets for 4 hours, then the tourniquets 
were released for periods varying from 1 to 7 
hours, then replaced and left in position 
through 24 hours from the time of first release. 
The rats were lightly anesthetized with ether 
for the replacement of the tourniquets, but 
they were not further anesthetized during the 
period of reapplication. The tourniquets were 
then removed and the rats were observed for 
the next 24 hours to determine survival rates. 
The data in Table II summarize the results 
of this experiment and by comparison with 
those in Table I it can be seen that only 3% 
of the rats survived 4 hours of tourniquets 
when there was no replacement, but in the 
case of temporary release for 1 to 6 hours 
100% of the animals survived during the 
following 24 hours of reapplication. The 
tourniquets were then released and the animals 
were observed for an additional 24 hours. 
Two animals died after the second release of 
the tourniquet. Death in one of these rats 
followed severe hemorrhage from the trau- 
matized tissue. The rats were regularly sacri- 
ficed after 48 hours because the limbs were 
necrotic. After replacement of tourniquets the 
legs had become cyanotic and remained so 
after the tourniquets were released. The rats 
were otherwise alert and energetic. When the 


hrs 

Through 24 

100 

y y 

24 

100 

y y 

24 

100 

y j 

24 

100 

JS 

24 

100 

>) 

24 

100 

i J 

24 

87.5 


release period was increased to 7 hours 87. 5% 
of the animals survived when tourniquets were 
reapplied. The irreversible stage of shock 
was probably prevented from developing by 
the elimination of circulation to the injured 
limbs and the prevention of any further loss 
of fluid into the injured area and the escape 
of metabolites from the injured tissue. Thus 
the animal could successfully cope with the 
first loss of fluid and the first of the metabo- 
lites from the injured area. Green et al? 
found that after clamping both legs of rats 
for 7 hours removal of limbs up to 2 J4 hours 
saved all animals, but “from hours onward 
the survival rates steadily fell, to reach zero, 
on the average, at 4 hours." They further 
observed that the rat could withstand repeated 
sublethal doses of clamping totalling at least 
12 out of 32 hours. 

It would appear that local fluid loss to the 
limb after release of the tourniquets cannot be 
the only factor responsible for the develop- 
ment of irreversible shock as reapplication of 
the tourniquets after fluid loss has occurred 
prevents death. The importance of fluid loss 
in decreasing the ability of the animal to 
recuperate cannot be denied, but it is to be 
emphasized, as blood 12 and muscle analyses 
show, 11 that after tourniquet removal sub- 
stances from the limb escape into the circula- 
tion. The accumulation of these metabolic 
breakdown products probably interferes with 
cellular metabolism and damage to vital organs 
results. The beneficial effect following reap- 
plication of tourniquets suggests that the total 
quantity of the injury substances, as well as 
the length of time over which they act, is of 
importance in determining the fate of the 
animal. 

Summary. 1. A method for producing 
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TABLE III. 

Hemoglobin Concentration in Hats iu Tourniquet Shook.* 


If 

lib- before 
tq. 

Xo. ofiats lcnioval 

*) 

II b- after 
tq. 

i emoval 

3 

Hb- 

inerease 

4 

lib- last 
sample 

5 

Hb- 

increase 

Survii al 
+/— 

Hour of 
death 


% 

% 

% 

% 

% 



1 

34.0 

111.5 

27.5 

111.5 

27.5 

— 

7 

O 

S3.0 

137.2 

52.2 

137.2 

52.2 

— 

7 

3 

92.0 

126.4 

34.4 

126.4 

34.4 

— 

8 

4 

79.0 

117.3 

38.3 

117.3 

38.3 

— 

4 

5 

9S.1 

130.1 

32.0 

121.8 

23.7 

Sacrificed 

5 

6 

S1.0 

12G.4 

44.8 

118.6 

37.0 

J7 

5 

Avg 

SG.O 

124.S 

38.2 

122.1 

35.5 




* 100% hemoglobin equals 15.6 grams per 100 ce. 

t The values in column 3 were obtained by subtracting the values in column 1 from those m 
2; the values in column 5 by subtiacting those in 1, from the ones in 4. 


quet-traumatized tissue, and into the genital 
region, particularly the scrotum. After these 
first hours changes in gross size could not be 
detected by observation. Haist and Hamil- 
ton 10 found that the swelling of the limb 
reached its maximum during the second hour 
after removal of the clamps, but in their rats 
the clamps had been left on overnight (12-15 
hrs) and the average survival time was only 
3 hours 12 minutes. It might be expected 
that maximum edema would be reached more 
rapidly after longer periods of tourniquets. 

Hemoconcentration in tourniquet shock: 
Hemoconcentration is usually an accompani- 
ment of shock and it was of interest to follow 


the course and extent of hemoconcentrations 
in normal rats during the period following 
tourniquet removal when shock was develop- 
ing. Hemoconcentration may be determined 
by measurement of hematocrit, by increase of 
specific gravity, by hemoglobin determinations 
and by°red cell counts. In our laboratory 
hemoglobin determination was the most feasi- 
ble method to use as an index of hemoconcen- 
tration. 

It is known that splenic contraction occurs 
in shock, and that it contributes to hemocon- 
centration. Taylor and Page, 1 ; using .dogs, 
found that “the splenic contribution to changes 

““' s d “ ring '.l ,e S 

one or two hours of the experiment The 
authors state that splenectomy abolishes the 




1943, 47, 59. 


early sharp rise of the hematocrit index seen 
in shock. On the basis of these studies it is 
probable that the early increase in hemoglobin 
observed after the removal of tourniquets can 
be ascribed only in part to fluid loss. This 
fact in no sense invalidates the use of hemo- 
globin determinations as indications of hemo- 
concentration since we were interested in rela- 
tive rises in hemoconcentration extending 
over a number of hours. 

Hemoglobin determinations were made on 
rats which had tourniquets in place for 4 
hours. The first determinations were made 
at the time of the removal of the tourniquets, 
and each hour thereafter for periods as long as 
7 hours. Two of the animals for which data 
are given were sacrificed at the end of 5 hours 
to obtain blood for analyses to be reported 
in connection with other blood studies. 
Table III is a summary of the hemoglobin 
values found during the period after the tour 
niquets were removed, and shows the highest 
concentration found for each of the animas 
during the experimental periods, that founc 
in the last sample, and the increases of eac 
of these over the original concentration. In 
the shocked rats hemoconcentration developed 
progressively after the removal of the tourni 
quets until the death of the animal. Increases 
in hemoglobin in rats which were followed to 
the hour of death ranged between 27 and 52 fo. 
From these data the conclusion can be drawn 
that marked hemoconcentration is an accom- 
paniment of shock produced by tourniquets 
and that the wide variation in degree of hemo- 
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Fig. 1. 

Scries of rats receiving a diet low in proteins and liigh in fat. (5 of 9 rats in Group A). 
The blocked areas represent estrus. Partial estrus is depicted by a reduction in height of the 
block. Symbols are as follows: E — Test dose of estrone, P — Insertion of pellet, D — Piet 
started, C— Supplement of cystine, T — Experiment terminated. +, death of animal. The 
tats were castrated at zero time. 


fed a diet low in lipotropic factors. 

Reversal of the estrus reaction by the ad- 
ministration of large doses of yeast indicates 
that curative measures for dietary hepatic 
injury may be adequately assessed in the 
living animal. 

Yeast as a curative factor in dietary hepatic 
injury is in good accord with previous find- 
ings obtained in prophylactic experiments of 
long duration (150 days). Addition of yeast 
to the basal experimental diet prevented the 
production of hepatic injury as controlled by 
macroscopic and microscopic examinations of 
the liver." 1 However, yeast is not the best 
and most characteristic representative of the 
lipotropic substances. Given as sole source 
of protein and not — as in our previous 

3 Gyorgy, P., and Goldblatt, H., J. Exp. Med., 
1942, 7t>. 335. Also Gvorgy, P., Am. J. Clin. Path., 
1944, 14, 07, with bibliography. 


studies — as supplement to a diet with a low 
casein content as source of protein, yeast may 
even support dietary hepatic injury, especially 
necrosis. 0 Furthermore, yeast is rich in vita- 
mins of the B group and in many other cell 
constituents. Thus, curative effect exerted by 
yeast has to be considered too complex to 
permit detailed analysis. Judging from pro- 
phylactic studies based on pathological find- 
ings in the dead animal a curative effect simi- 
lar to that of yeast might be logically antici- 
pated from simple substances such as methio- 
nine or methionine-containing proteins, for 
example casein or lactalbumin. In contrast, 
even manifold increased vitamin B supple- 

o Hock, A., and Fink, II., Z. /. physiol. Chan., 
1943, 278, 136, and 1943, 279, 187; Himswortli, 
H. P., and Glynn, L. E., Lancet, 1944, 1, 437; 
Glynn, L. E., and Himswortli, H. P., J. Path, and 
Bad., 1944, SO, 297. 
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tourniquet shock in rats is described. The 
method yields graded and reproducible results. 

2. The percentage survival of rats to tour- 
niquet shock was progressively decreased as 
the time of tourniquet application was in- 
creased. Following 3 l / 2 hours of tourniquets 
100% of the rats survived, while after 4 hours 
of tourniquets only 3% survived. 

3. Rats which had tourniquets applied for 
4 hours with periods of release for 1 to 6 


hours, followed by a second application of 
tourniquets, showed 100% in contrast to 3% 
survival for those without replacement, while 
87.5% survived when the tourniquets were 
replaced after 7 hours. 

4. The degree of bemoconcentration devel- 
oping in rats in tourniquet shock was approxi- 
mated by hemoglobin determinations. In- 
creases in hemoglobin ranged between 2? 
and 52%. 


15184 

Inactivation of Estrone by Liver. Assay Method In vivo for Dietary Hepatic 

Injury in Rats* 

Paul Gyorgy. 

From the Department of Pediatrics, School of Medicine, University of Pennsylvania , 

Philadelphia, Pa. 


Pellets of estrone implanted in the spleen 
will not induce estrus in ovariectomized rats 
fed a normal diet. 1 Estrone draining from the 
pellet through the splenic vein into the liver 
is inactivated by the normal functioning liver 
parenchyma, either through direct chemical 
destruction 1 or through a closed “hepato- 
intestinal cycle.”" Failure of the liver to 
inactivate estrogen has been demonstrated by 
Biskind and Biskind 1 in rats maintained on 
a diet deficient in the vitamin B complex. 
Estrus in such animals appeared within 1 to 3 
weeks and was interpreted as an indication of 
impaired liver function. Such functional 
change resulting from avitaminosis is in its 
etiology and pathogenesis different from the 
specific hepatic injury (necrosis and cirrhosis) 
produced in rats by the administration of a 
synthetic diet low in lipotropic factors (me- 
thionine and choline), 3 but containing all 
known vitamins including the members of the 
vitamin B complex. On the other hand, how- 
ever it has been shown 4 that with regard to 
inactivation of estrogen by the liver, rations 
deficient in lipotropic factors will . have the 
same effect as rations free of vitamin B com- 
plex In spite of this analogy only the dis- 
turbance elicited by rations deficient in lipo- 
tropic factors with its characteristic patho- 


logical manifestations is considered the true 
dietary hepatic injury. 3 

In previous experiments 4 the onset of func- 
tional disability of the liver, measured by the 
failure of inactivation of estrone, became evi- 
dent in rats fed a diet low in lipotropic factors 
after an interval when severe histological 
changes are known to make their appearance. 
This interval was much longer than that ob- 
served in rats fed a vitamin B-free diet. 1,4 
Whereas the impaired inactivation of estrone 
in rats kept on a vitamin B-free diet could be 
reversed and normalized by supplements of 
vitamin B complex, 1 - 4 large doses of yeast 
were needed to achieve the same result in rats 


k Aided by a grant from tVyeth, Incorporated, 
Philadelphia. 

i Biskind, M. S., and Biskind, G. B., Endocrinol, 
1942, 31, 109. Here also literature. 

- Cantaiow, A., Paschkis, K. E., Bakoff, A. 1- ■ , 
and Hansen, L. P., Endocrinol., 1943, 33. 309. 

a Gyorgy, P., and Goldblatt, H., Phoc. Soc. Exp. 
Biol, and Med., 1941, 40, 492; Webster, G., 
J. Chn. Invest., 1941, 30, 440; Blumberg, H., 
and McCollum, E. V., Science, 1941, 03, S9S; 
Lillie. B. D., Daft, F. S., and Sebrell, W. H., 
Pub. Uealth Pep., 1941, 50, 1255. 

•i Shipley, B. A., and Gyorgy, P., Proc. Soc. Exp. 
Biol, anb Med., 1944, 57, 52. 
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tion of cirrhotic changes in the liver. 5 

Results. The appearance of estrus showed 
great variations. It is remarkable that 35 
out of a total of 91 experimental animals 
remained in anestrus for the whole duration 
of observation, up to 150 days or more. Two 
rats showed only temporary or irregular 
estrus. In the remaining group of 54 rats 
regular estrus was observed 39 to 195 days, 
with a calculated average of 86 days after the 
animals were put on the basal experimental 
diet. In several instances estrus when first 
noticed showed some fluctuation before going 
into solidly sustained complete estrus (Fig. 1, 
rats 993 and 1011). 

On the assumption that normal liver “inac- 
tivates” estrone, lack or retarded appearance 
of estrus should indicate absence or delayed 
production of hepatic injury with its charac- 
teristic pathological attributes. Such behavior 
would be at variance with the reactivity of 
normal rats 5 and could only be explained by 
the presence of estrone pellets in the spleen 
preceded by ovariectomy in the present ex- 
perimental group of animals.^ 

Rats showing the appearance of continuous 
estrus were kept under observation for 2-4 
weeks without any change in the experimental 
conditions. At the end of this preliminary 
period the animals were divided in 5 sub- 
groups (A to E). Subgroup A was kept as 
control on the unchanged original regime. 
Rats in B received di-methioninel! in daily 
doses of 50 mg, in C a digest of casein 
(Amigen) 1 g daily, in D a digest of lactal- 
bumin (Lactamin)ll 1 g daily. In subgroup 
E the daily basal vitamin supplements were 
increased fivefold. In instances when cystine 
was given before the appearance of regular 
estrus, it was discontinued as soon as treat- 
ment with lipotropic factors (methionine or 
protein digests) started. 

Once established, full estrus persisted 
throughout the total period of observation in 
Group A (9 animals), in which the original 
experimental conditions remained unchanged, 
and in Group E (13 rats) in which the 

§ Tills special problem will be discussed in a 
separate communication. Preliminary report ap- 
peared in federation Proceed., 1945, 4, 155. 

1 Kindly furnished by Wyeth, Incorporated. 


animals received a fivefold increase in the 
amount of basal vitamin B supplements. The 
solid curve of full estrus in such animals (See 
Fig. 1 and 2 with representative examples) 
served also as control for experiments in which 
estrus has disappeared under the influence of 
special curative measures. Of course, even 
without special treatment estrus, when arti- 
ficially supported by a pellet of estrone im- 
planted in the spleen, cannot last permanently 
and must cease as soon as the pellet is com- 
pletely absorbed or becomes tightly encapsu- 
lated (Rat No. 1018 in Fig. 1). This last 
possibility has to be borne in mind in cases 
where estrus was seemingly suppressed after 
application of special curative measures. In 
order to avoid false conclusions a positive 
result should not be considered as such unless 
with discontinued therapy estrus reappears, 
thus proving the presence of properly func- 
tioning estrone pellets. 

This special experimental procedure was 
fully observed in subgroups B, C, and D in 
which the therapeutic effect of methionine (16 
animals), casein-digest (11 animals), and 
lactalbumin-digest (5 animals) was investi- 
gated. The results have shown unequivocally 
that methionine (Fig. 3) as well as the 2 
protein-digests (representative examples for 
Iactalbumin in Fig. 2) exerted a definite 
therapeutic effect which manifested itself in 
complete or at least in partial suppression of 
estrus. Interruption of treatment was fol- 
lowed in due course by reappearance of full 
estrus. The time required for the suppression 
of estrus by means of supplements of lipo- 
tropic factors showed considerable variation, 
ranging from a few days to 10 weeks, with an 
average of 31 days. 

In a number of rats (in all subgroups) daily 
food intake was measured. No correlation 
could be found between appearance or dis- 
appearance of estrus and the curve of daily 
food intake. ' 

Discussion. The assumption submitted 
previously 4 that impairment of estrone inac- 
tivation by the liver observed in rats on a 
cirrhosis-producing diet resulted from the 
specific dietary hepatic injury, is well borne 
out by the present studies. Fivefold increase 
in the amount of daily vitamin B supplements 
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Fig. 2. 

The effect of protein digest— laetalbumin digest (in 2 of 5 rnts in Group D) and of fivefold 
vitamin B supplements (in 2 of 13 rats in Group E). The symbols have the same meaning as 
in Fig. 1. 


ments should prove to be devoid of any cura- plements were given separately: (a) Solution 
tive effect. of B vitamins ( 1 cc daily) containing thia- 

The following experiments deal mainly with mine 20 y, pyridoxine 20 y, riboflavin 25 
these special questions. They were under- y, Ca-pantothenate 100 y. (b) Vitamins A 
taken to produce supporting evidence for the and D in form of 01. percomorph., 3 drops 
usefulness of the method of estrus reaction in weekly, (c) Vitamin E as special supplement 
the study of experimental dietary hepatic was only used in the experiments with the local 
injury in the living animal. and Wistar strains (3 mg in the form of nat- 

Methods. Rats used were of 3 separate oral concentrate f once a week). In the re- 
strains: 1. Sprague-Dawley (65 rats), 2. maining experiments the vitamin E require- 
Wistar (9 rats), and 3. a strain obtained from ment was covered solely by the basal diet with 
a local dealer (17 rats). Animals were its high content of Crisco, a fat rich in vitamin 
selected with a weight of 150-230 g, the ma- E - ; More than half of the experimental ani- 
iority weighing approximately 200 g. The mals received as a further separate supplement 
nrenaration of the animals for the experi- 50 mg of Z-cystine daily. The purpose of this 
ments, including surgical technic, was the supplement was the acceleration and aggrava- 
Same in the previous Study.' 1 The experi- f Kindly furnished by Distillation Products, 
mental diet was slightly modified, as follows: Inc .. Rochester, N.Y. 

Casein (SMACO) 8, Crisco 38 (or, in some ; According to a persona! communication of Dr. 

■ ents Crisco 30 and peanut oil 8), K. E. Mason (Rochester), 5% of Crisco in the diet 
sucrose 50 salt mixture 4. The vitamin sup- represents the minimal protective level. 
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diet. This explanation, however, disregards 
the important fact that estrus disappeared 
even in cirrhotic rats as soon as the estrone 
pellet was completely absorbed. Lack of 
estrone should not influence the pseudo-estrus 
of vitamin A deficiency. 

• Summary. Impairment in ability to inac- 
tivate estrone accompanies dietary hepatic 


injury and can be rectified by the addition of 
lipotropic factors such as methionine or 
protein digests. 

Fivefold increase of the basal vitamin B 
supplements was ineffective. 

The author is greatly indebted to Mrs. C. K. 
Gilkey for technical assistance. 
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Studies on Toxicity Complement-Fixing and Immunogenic Activity of 
Typhus-Infected Yolk Sacs. 

Vincent Groupe and Richard Donovick.* (Introduced by Geoffrey Rake.) 
From the Biological and Chemical Laboratories, E. X. Squibb 4' Sons, New Brunswick, N.J. 


The use of the yolk sac of the developing 
chick embryo for cultivating typhus rickett- 
sise 1 led to the development of vaccines pre- 
pared from infected yolk sacs by phenol pre- 
cipitation 2 and ether extraction 3 ' 4 and to the 
demonstration of a labile toxic substance in 
yolk sac cultures of typhus rickettsise which 
was lethal for mice and which was associated 
with the rickettsise themselves.'*' 0 

It has been shown that both the comple- 
ment-fixing activity and the rickettsial content 
of typhus vaccines were related to the time 
of harvest of the constituent yolk sacs with 
reference to the peak of embryo deaths. 7 How- 
ever, it was also observed that the presence 

* On temporary leave from the Division of 
Microbiology, The Squibb Institute for -Medical 
Research. 

i Cox, H. R., Pub. Health Rep., 1938, 53, 2241. 

- Cox, H. R., Science, 19 41, 04, 399. 

Connaught Laboratories, Toronto, Ontario, War 
Project Med. 8, November 13, 1942 (N.R.C. 

Canada). Memorandum No. 3. 

4 Topping, N. H., National Institute of Health, 
Washington, D.C’., 1945, Bull. No. 183. 

3 Gildemeister, E., aud Haagen, E., Dcut. Hcd. 
TTchnschr., 1940, GG, 878. 

0 Beugtson, I. A., Topping, N. H., and Hender- 
son, R. G., Nat. Inst, of Health, Washington, D.C., 
1943, Bull. 183. 

7 Groupe, V., Nigg, C., and MacFarlane, J. O., 
•J. Immunol., in press. 


of numerous rickettsiae did not necessarily 
indicate toxicity 0 and that the antibody 
response of guinea pigs, commonly used as a 
measure of antigenicity, is subject to consid- 
erable variations. 8 It was of interest, there- 
fore, to compare complement-fixing activity 
with the toxicity of yolk sac suspensions and 
with the antigenicity and rickettsial content 
of typhus vaccines. 

Methods. Eggs in the 7th day of em- 
bryonic development were inoculated into 
the yolk sac with the Breinl strain of epidemic 
typhus according to the method of Cox. 1 The 
eggs were candled daily and all yolk sacs har- 
vested were frozen immediately and stored at 
-70° C until used. All vaccines were prepared 
by the ether extraction method 4 using a stand- 
ard procedure ( cj . 7 ). 

Complement-fixation tests were done ac- 
cording to the method of Bengtson. 9 Vaccines 
were titrated with 2 units of hyperimmune 
guinea pig serum and the titer was recorded 
as the highest dilution of vaccine showing 
complete (4-j-) fixation. 

Toxicity titrations were performed as fol- 
lows: 0.5 ml of serial 2-fold dilutions of the 
various yolk sac suspensions was injected into 

8 Donovick, R., Farrell, M., and Smith, F., 
J. Bad., 1943, 50, 241. 

8 Bengtson, I. A., Pub. Health Rep., 1941, 30, 
G49. 
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Fro. 3. 

The effect of methionine (in 3 of 10 vats in Group B). The symbols have the same meaning 
as in Fig. 1 and Fig. 2. 

had no effect on estrns appearing in this group of therapeutic reversal of the underlying 
of rats. Thus it can be denied that the liver hepatic changes, in contrast to past routine 
injury produced by cirrhosis-producing diet studies of prophylactic nature. Inasmuch as 
has led to impairment of estrone inactivation treatment was initiated soon after the func- 
solely by increasing the need for the B vita- tional hepatic disturbance became apparent, 
mins. Such relative vitamin B deficiency it is improbable that major fibrotic changes in 
would have been the counterpart of the similar the liver could have been developed before 
effect of absolute lack of B vitamins . 1 therapy was started. In consequence, the 

With the demonstration of the therapeutic restored suppression of estrus should not be 
effect exerted by lipotropic factors such as construed as an outward sign of completely 
methionine or methionine-containing protein restored architecture. Morphological cure 
digests (casein and lactalbumin) the specific may be deduced only from direct histological 
character of the impairment of estrone inac- examination. On the other hand the methods 
tivation in this group of rats is well substan- of estrone inactivation could become useful in 
tiated The same lipotropic factors play a the evaluation of possible therapeutic factors 
leadin'* part in the prevention of dietary on living animals suffering from dietary liver 
hepatic injury, proven by macroscopic and injury. It is conceivable to regard estrus 
microscopic evidence . 3 The present observa- appearing in rats fed a cirrhosis-producing 
■ shoulc i ar ouse special interest for two diet as the equivalent of pseudo-estrus of 
uo _ . q-w were made on living animals, vitamin A deficiency, based on the inability 
reasons. • indicate strongly the possibility of cirrhotic livers to utilize vitamin A of the 
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TABLE II. 

Comparison of Complement-Fixing Aethity, Rickettsial Content and Antigenicity of Vaccines Prepared 
fiom Embrjos Hanested Before and at the Peak of Embryo Deaths. 


Vaccines prepared from yolk sacs 
hanested from embryos: 



D 5 

D 6 

D 7 

L 7 


No. of yolk sacs included in laceine 

90 

102 

146 

65 


Rickettsial content 

-t- 

+ 

+ + 

+ + + + 


Complement fixation test Vaccine diluted. 18 

3+ 





1 16 

1 + 

4+ 

4+ 

4+ 


1 32 


3+ 

4+ 

4+ 


1 64 

0 

2+ 

3+ 

4+ 


1 128 

0 

0 

0 

1 


Antigenicity for mice 






Method A — 0.2 ml undiluted vaccine 






inoculated I.P. 






A r aecinated group 






Total No. of mice 

2S 

27 


28 


No protected 

6/28* 

17/27 

n.t. 

24/28 


% protected 

21.4 

62 9 


85.7 


Control group Challenge dose diluted :1 2 





0/16* 

14 





10/15, 

Alethod B — 0 5 ml of serial dilutions of 






raceme inoculated I.P. 






Vaccinated group Vaccine diluted:! 5 

0/9 

4/9 

n.t. 

7/10 


1 25 

0/10 

0/10 


6/10 


1 125 

0/10 

0/10 


0/10 


Control group Challenge dose diluted:! 2 





0/10 

1 4 





8/10 


D 5 Dead 5 days after inoculation. 

L-7 Living 7 days after inoculation. 

+ Five nckettsiae per field. 

+ + + + Over 100 nckettsiae per field, 
n.t. Not tested. 


4+ Complete fixation of complement. 

0 No fixation of complement. 

* No. of mice suroving/Total No. of mice. 
I.P. Intraperitoneally. 


of the mice immunized with vaccine L-7 were 
protected. When mice were immunized by 
Method B vaccine D-5 diluted 1-5 did not 
protect any of the 9 vaccinated mice whereas 
vaccine D-6 diluted 1-5 protected 4 of 9 vac- 
cinated mice, and vaccine L-7 diluted 1-25 pro- 
tected 6 of 10 vaccinated mice. In addition 
to the data presented, in 7 additional experi- 
ments the complement-fixing: activity of the 
vaccine likewise followed the antigenicity of 
the vaccine. 

Discussion. It is clear from the data 
presented that complement-fixing activity 
followed not only the rickettsial content and 
antigenicity for mice of vaccines prepared in 
an identical manner but also the toxicity of 
yolk sac suspensions when care was taken to 
preserve toxicity. However, the factors respon- 
sible for toxicity and complement-fixing 
activity are not identical since toxicity is 
destroyed by formalin and ether 0 while com- 
plement-fixing activity is not. Furthermore, 


the complement-fixing activity of a given yolk 
sac suspension or vaccine represents not only 
the rickettsis themselves but also a soluble 
antigen capable of immunizing guinea pigs. 10 
Nevertheless, when yolk sac suspensions or 
vaccines were prepared as described from 
embryos harvested on consecutive days an 
increase in complement-fixing activity was 
always accompanied by an increase in toxicity 
or antigenicity. 

Summary. Under the conditions described, 
the toxicity of untreated yolk suspensions and 
the antigenicity of typhus vaccines prepared 
from embryos harvested on consecutive days 
rose together with the complement-fixing 
activity of the same antigens. 

The authors wish to acknowledge the technical 
assistance of Air. Jack O. Daws. 


10 Topping, N. H., and Shear, Af. J., Pub. Health 
Sep., 1944, 39, 1671. 
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On Typhus-Infected Yolk Sacs 



b « u.ijs after inoculation. 


Of Infected Yolk Sac 

Toxicity titution 
suspension diluted • 
*~ 2 1-4 1-8 l-ifi 

0/3f~0/4 0/4 
4/1 4/4 0/4 0/4 
4/4 1/4 o/4 
4/4 0/4 


the tail vein of mice f The 

ThTaS , J8 , ' 0 “ rS aft " in« U £ i ° 0 '„ dealhS sal ™ ™» prepared from each p, 

vaccine ? ? 6 ^ttsial content of a fl I T™ ^ each suspensi ™ titrate 

S “ d , s :* d * 

mice"!? f ni n ' ty WaS measured by immunizing L '/’ prepared fro ™ embryos har 

e as follows: Method A - Each of tn VesJed 5 days after inoculation to 1-32 in the 

of £T, 0ne ,^ ntra PeritoneaI inoculatLn'of hfrmf ’ ff L '*' prepared from ^bryos 
Crn of lmclll ut-ed vaccine. Method B- sum ed 8 da - vs af ter inoculation. When the 

r ~ " for - 

hours after challenge. recorded 18 

Experimental. Comparison of toxiriu , , v/ 


«• Inasmuch a^s b^ST^SSf 
content and complement-fixing activity tf vac 
ernes were highest when the constituent yolk 

at the Ver \ ha f VeSt ? fr ° m embryos stiU bVin, 
at the peak of embryo deaths, 7 yolk sacs were 

harvested only from living embryos to prevent 
loss of toxicity following death of the embryo 
In comparing toxicity with complement-fixing 
activity yolk sacs were harvested from IS 
living embryos on the 5th, 6th, 7th, and 8th 
day after inoculation respectively. Each pool 
of yolk sacs thus obtained was frozen imme- 
diately and stored at -70°C. Approximately 
one week later 10% untreated tissue suspen- 


f Young albino Swiss mice 
« sighing 12 13 g weie used 
experiments. 


(Webster strain) 
throughout these 


„ f * - CU 1Ur 11,6 P r& 

e o oxic substance by intravenous injec 
non of mice suspension L-5 diluted 1-2 m 

mfia, 1, f0r mice whereas suspension L-l 
t. . e * was lethal for all mice inoculated 
tt is thus evident that the complement-fixing 
activity and toxicity of untreated saline sus- 
pensions of infected yolk sacs harvested from 
hvmg embryos rose together. 

Comparison of antigenicity with comple - 
-fixing activity and rickettsial content oj 
yp tus vaccines. The complement-fixing 
ivi y, rickettsial content and antigenicity of 
typhus vaccines prepared from yolk sacs har- 
vested before and at the peak of embryo 
ea s were compared and the results are pre- 
sented in Table II. It was found that the 
comp ement- fixing titer increased from less 
wan 1-8 in the case of vaccine D-5, prepared 
tom embryos dead 5 days after inoculation , 
to 1-64 m the case of vaccine L-7, prepared 
rom embryos st ill living 7 days after inocu- 
.“ and tilat the rickettsial content of the 
vaccm es increased with the complement-fixing 

\ r rC ^ ^ ken m ' ce were JUttnunfzed by 

Method A only 6 of 28 (21.4%) of the mice ' 
immunized with vaccine D-5 were protected 

*t?Vu ° f 27 (62 ' 9%) of ths immu- 
nized with vaccine D-6 and 24 of 28 (85.7%) 
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TABLE II. 

Comparison of Complement-Fixing Activity, Biekettsial Content and Antigenicity of Vaccines Prepared 
from Embryo s Harvested Before and at the Peak of Embryo Deaths. 

Vaccines prepared from yolk sacs 
harvested from embryos: 

D-5 D-G D-7 L-7 


No. of volk sacs included in vaccine 

90 

102 

146 

65 


Biekettsial content 


+ 

+ + 

+ ++ + 


Complement fixation test Vaccine diluted: 1-8 

3+ 





1-16 

1+ 

4+ 

4-f 

4+ 


1-32 


3+ 

4+ 

4+ 


1-64 

0 

2+ 

3+ 

4+ 


1-128 

0 

0 

0 

1 


Antigenicitv for mice 






Method A — 0.2 ml undiluted vaccine 






inoculated I.P. 






Vaccinated group 






Total No. of mice 

28 

27 


28 


No. protected 

6/28* 

17/27 

n.t. 

24/28 


% protected 

21.4 

62.9 


S5.7 


Control group Challenge dose diluted:l-2 





0/16* 

1-4 





10/14 

Method B — 0.5 ml of serial dilutions of 






vaccine inoculated I.P. 






Vaccinated group Vaccine diluted: 1-5 

0/9 

4/9 

n.t. 

7/10 


1-23 

0/10 

0/10 


6/10 


1-125 

0/10 

0/10 


0/10 


Control group Challenge dose diluted: 1-2 





0/10 

1-4 





8/10 


B-5 Bead 5 days after inoculation. 

L-7 Living 7 days after inoculation. 

-f- Five rickettsiae per field. 

-1 — 1 — 1 — l- Over 100 rickettsiae per field, 
n.t. Not tested. 


4-f- Complete fixation of complement. 

0 No fixation of complement. 

* No. of mice surriving/Total No. of mice. 
I.P. Intraperitoneally. 


of the mice immunized with vaccine L-7 were 
protected. When mice were immunized by 
Method B vaccine D-5 diluted 1-5 did not 
protect any of the 9 vaccinated mice whereas 
vaccine D-6 diluted 1-5 protected 4 of 9 vac- 
cinated mice, and vaccine L-7 diluted 1-25 pro- 
tected 6 of 10 vaccinated mice. In addition 
to the data presented, in 7 additional experi- 
ments the complement-fixing activity of the 
vaccine likewise followed the antigenicity of 
the vaccine. 

Discussion. It is clear from the data 
presented that complement-fixing activity 
followed not only the rickettsial content and 
antigenicity ior mice of vaccines prepared in 
an identical manner but also the toxicity of 
yolk sac suspensions when care was taken, to 
preserve toxicity. However, the factors respon- 
sible for toxicity and complement-fixing 
activity are not identical since toxicity is 
destroyed by formalin and ether 0 while com- 
plement-fixing activity is not. Furthermore, 


the complement-fixing activity of a given yolk 
sac suspension or vaccine represents not only 
the rickettsis themselves but also a soluble 
antigen capable of immunizing guinea pigs. 10 
Nevertheless, when yolk sac suspensions or 
vaccines were prepared as described from 
embryos harvested on consecutive days an 
increase in complement-fixing activity was 
always accompanied by an increase in toxicity 
or antigenicity. 

Summary. Under the conditions described, 
the toxicity of untreated yolk suspensions and 
the antigenicity of typhus vaccines prepared 
from embryos harvested on consecutive days 
rose together with the complement-fixing 
activity of the same antigens. 

The authors wish to acknowledge the technical 
assistance of Air. Jack O. Davis. 


io Topping, N. H., and Shear, AX. J., Pub. Health 
Pep., 1914, 59, 1671. 
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TABLE I. 

Campsirisoii of Toxicity with the Complement-Fixing Activity of Infected Yolk Sac 
Suspensions.* 

Interval between Complement fixation test Toxiatj titration 

inoculation and Xo. of yolk sacs suspension diluted : suspension diluted: 

hanest represented 1-16 1-32 1-64. 1-2 1— 1 1-8 1- 16 


L-5 

13 

0 

a 

0 

0/31 

0/4 

0/4 


L-6 

15 

3+ 

1+ 

dt 

4/4 

4/4 

0/4 

0/4 

L-7 

13 

4+ 

2+ 

zb 


4/4 

1/4 

0/4 

L-8 

15 

4 + 

i+ 

2 + 



4/4 

0/4 


* lO^b tissue suspensions by weight, 
t Xo. of mice dead/ Total Xo. of mice. 

L-5 = Embryos li\ iug 3 days after inoculation. 


the tail vein of mice.! The number of deaths 
was recorded 18 hours after inoculation. 

The approximate rickettsial content of a 
vaccine was estimated by microscopic examina- 
tion of films of vaccine made with a standard 
loop and stained by Macchiavello’s technic 
{cl •)■ 

Antigenicity was measured by immunizing! 
mice as follows: Method A: Each of 30 mice 
was given one intraperitoneal inoculation of 
0.2 mi of undiluted vaccine. Method B: 
Groups of 10 mice each were given one intra- 
peritoneal inoculation of 0.5 ml of vaccine 
diluted 1-5, 1-25, and 1-125 respectively. 
Fourteen days after vaccination all vaccinated 
mice were challenged with 0.5 ml of toxic 
substance representing 2-4 LD 5 o injected into 
the tail vein. The results were recorded 18 
hours after challenge. 

Experimental. Comparison oj toxicity with 
complement-fixing activity of infected yolk sac 
suspensions. Inasmuch as both the rickettsial 
content and complement-fixing activity of vac- 
cines were highest when the constituent yolk 
sacs were harvested from embryos still living 
at the peak of embryo deaths, 7 yolk sacs were 
harvested only from living embryos to prevent 
loss of toxicity following death of the embryo. 
In comparing toxicity with complement-fixing 
activity yolk sacs were harvested from 15 
livin" embryos on the 5th, 6th, 7th, and 8th 
day after inoculation respectively. Each pool 
of volk sacs thus obtained was frozen imme- 
diately and stored at -70° C. Approximately 
one week later 10% untreated tissue suspen- 


"7^ albino ^ mice (Webster strum) 
wigWng 12-13 g used throughout these 

experiments. 


sions in saline were prepared from each pool 
of yolk sacs and each suspension was titottd 
for complement-fixing activity and for toxicity 
in mice. It will be seen from Table I that the 
complement-fixing titer of yolk sac suspen- 
sions increased from less than 1-16 in the case 
of suspension L-5, prepared from embryos har- 
vested 5 days after inoculation, to 1-32 in the 
case of suspension L-8, prepared from embryos 
harvested 8 days after inoculation. When the 
same suspensions were titrated for the pres- 
ence of toxic substance by intravenous injec- 
tion of mice suspension L-5 diluted 1-2 was 
not lethal for mice whereas suspension L- 
diluted 1-8 was lethal for all mice inoculated. 
It is thus evident that the complement-fixing 
activity and toxicity of untreated saline sus- 
pensions of infected yolk sacs harvested from 
living embryos rose together. 

Comparison of antigenicity with comple- 
ment- fixing activity and rickettsial content of 
typhus vaccines. The complement-fixing 
activity, rickettsial content and antigenicity 0 
typhus vaccines prepared from yolk sacs har- 
vested before and at the peak of embryo 
deaths were compared and the results are pre- 
sented in Table II. It was found that the 
complement-fixing titer increased from less 
than 1-8 in the case of vaccine D-5, prepared 
from embryos dead 5 days after inoculation, 
to 1-64 in the case of vaccine L-7, prepare 
from embryos still living 7 days after inocu- 
lation and that the rickettsial content of the 
vaccines increased with the complement-nxing 
activity. When mice were immunized by 
Method A only 6 of 28 (21.4%) of the mice 
immunized with vaccine D-5 were protected 
whereas 17 of 27 (62.9%) of the mice immu- 
nized with vaccine D-6 and 24 of 28 (85.7%) 
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TABLE II. 

Comparison of Complement Fixing Activity, Rickettsial Content and Antigenicity of Vaccines Prepared 
f i om Embrjos Hanested Before and at the Peak of Embi^o Deaths. 


Vaccines prepared from jolk sacs 
hariested from embryos: 



D 5 

D 6 

D 7 

L 7 


No. of a oik sacs included m Aaeeine 

90 

102 

146 

65 


Rickettsial content 

“f- 

+ 

+ + 

++++ 


Complement fixation test Vaccine diluted :1 8 

3+ 





1 1C 

1+ 

d+ 

4+ 

4-f- 


1 32 

ziz 

3+ 

4+ 

4+ 


1 64 

0 

2+ 

3 + 

44- 


1 128 

0 

0 

0 

i 


Antigenicity for mice 






Alethod A — 0.2 ml undiluted vaccine 






inoculated I.P. 






Vaccinated group 






Total No of mice 

28 

27 


28 


No. protected 

6/28* 

17/27 

n t. 

24/28 


% protected 

21.4 

62 9 


So 7 


Control group Challenge dose diluted:! 2 





0/16* 

1 4 





10/15, 

Method B — 0.5 ml of serial dilutions of 






vaccine inoculated I.P. 






Vaccinated group Vaccine diluted:! 5 

0/9 

4/9 

n.t. 

7/10 


1 25 

0/10 

0/10 


6/10 


1 125 

0/10 

0/10 


0/10 


Control group Challenge dose diluted:! 2 





0/10 

1 4 





8/10 


D 5 Dead 5 days after inoculation. 

L-7 Living 7 days after inoculation. 

+ Five nckettsiae per field. 

+ + + + Over 100 nckettsiae per field, 
n.t. Not tested. 


•1+ Complete fixation of complement. 

0 No fixation of complement. 

* No. of mice sumvmg/Total No. of mice. 
I.P. Intraperitoneally. 


of the mice immunized with vaccine L-7 were 
protected When mice were immunized by 
Method B vaccine D-5 diluted 1-5 did not 
protect any of the 9 vaccinated mice whereas 
vaccine D-6 diluted 1-5 protected 4 of 9 vac- 
cinated mice, and vaccine L-7 diluted 1-25 pro- 
tected 6 of 10 vaccinated mice. In addition 
to the data presented, in 7 additional experi- 
ments the complement-fixing activity of the 
vaccine likewise followed the antigenicity of 
the vaccine 

Discussion. It is clear from the data 
presented that complement-fixing activity 
followed not only the rickettsial content and 
antigenicity for mice of vaccines prepared in 
an identical manner but also the toxicity of 
yolk sac suspensions when care was taken to 
preserve toxicity. However, the factors respon- 
sible for toxicity and complement-fixing 
activity are not identical since toxicity is 
destroyed by formalin and ether 8 while com- 
plement-fixing activity is not. Furthermore, 


the complement-fixing activity of a given yolk 
sac suspension or vaccine represents not only 
the rickettsiae themselves but also a soluble 
antigen capable of immunizing guinea pigs. 10 
Nevertheless, when yolk sac suspensions or 
vaccines were prepared as described from 
embryos harvested on consecutive days an 
increase in complement-fixing activity was 
always accompanied by an increase in toxicity 
or antigenicity. 

Summary. Under the conditions described, 
the toxicity of untreated yolk suspensions and 
the antigenicity of typhus vaccines prepared 
from embryos harvested on consecutive days 
rose together with the complement-fixing 
activity of the same antigens. 

The authors rush to acknowledge the technical 
assistance of Air. Jaek 0. Davis. 


ro Topping, N. H., and Shear, AI. J., Pub. Health 
Sep , 1944, 59, 1671. 
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Synergistic Action of Nicotinamide Upon Penicillin. 

Edward H. Frxeden. (Introduced by C \ Frazier) 

— on****,, n, V.„en,„ Terns „ 

Medicine, Galveston , Texas. 


In the course of some studies dealing with 
the mechanism of penicillin action, it was ob- 
served that relatively high concentrations of 
nicotinamide appeared to increase measurably 
the effectiveness of penicillin against the Ox- 
ford strain of Staphylococcus aureus. Since, 
of the B vitamins, only para-aminobenzoic 
acid has been shown to affect penicillin activ- 
ity, 1 - this synergistic action has been investi- 
gated in more detail. 

Experimental Methods. In testing the 
effectiveness of compounds under investigation 
for their synergistic action, it was found” most 
convenient to compare the concentrations of 
penicillin necessary to produce half-maximum 
inhibition of the test organisms in the presence 
and absence of the agent under study. The 
organisms being investigated were grown in a 
modified proteose-peptone medium, with 
added glucose and yeast extract. Short (5-7 
hour) growth periods were used. Growth levels 
were estimated turbidimetrically, using a 
Klett-Summerson photoelectric colorimeter. 

In most of the experiments, Lederle peni- 
cillin (potency 400 Oxford units per mg) was 
used. Crystalline sodium penicillin G was 
obtained through the courtesy of Merck and 
Co. Eastman Kodak Company nicotinamide 
and nicotinic acid were used without purifica- 
tion, except as noted below. 

Results. The addition of nicotinamide to 
the culture medium in concentrations less than 
about 250 y per ml has no apparent effect 
upon the inhibition of Staphylococcus aureus 
by penicillin. Beyond this point, however, 
significant effects are observed. Representa- 
tive data are shown in Fig. 1. It is evident 
that the concentration of penicillin necessary 
for half-maximum inhibition decreases with 
increasing concentration of the amide. Con- 

~ l TJagar, U Xafurc, 1943, J 53, 245. 

a Hobby, G. L., and Dawson, M. H., Proc. Soc. 

Exp. Biol, and Med., 1944. 50, 184. 



Pjg. 1. 

Effect of increasing concentrations of nicotin- 
amide upon penicillin inhibition of Staphylococcus 
aureus (Oxford), The concentrations of nicotin- 
amide, in mg/ml, are as follows: X — 0.00; 
o— 0.40; 0 — 0 . 80 ; ±~1.60. The vertical arrows 
indicate half-maximum inhibition points. 

centrations of nicotinamide greater than 1.7 
mg/ml were not studied. 

Despite the fact that nicotinic acid is fre- 
quently interchangeable with nicotinamide in 
bacterial nutrition, 3 it was found that sodium 
nicotinate was unable to duplicate the action 
of nicotinamide when used in comparable con- 
centrations. 

The relatively high nicotinamide levels 
necessary to produce observable synergism 
suggested the possibility that the effects noted 
were in reality due to an impurity in the 
preparation used, although two different lots 
of nicotinamide, obtained from the same 
manufacturer at different times, gave identical 

A Petcison, W. II., and Peterson, M. S., Tact- 
Bet., 194S, 9, 49. 
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results. That this was not the case was shown 
by the fact that purified nicotinamide, re- 
crystallized from either dioxane or alcoholic 
benzene, gave results which were indistin- 
guishable from those obtained with the cruder 
preparation. Likewise, identical results were 
had. when the impure penicillin preparations 
were replaced by crystalline penicillin at com- 
parable concentrations. 

The possibility that the effects observed 
were due to a slow reaction of penicillin with 
nicotinamide to form a product superior in 
antibacterial activity to penicillin itself was 
next investigated. On the basis of this hypoth- 
esis, Che high nicotinamide concentrations 
required are necessary to force the reaction 
measurably toward completion in the rela- 
tively short periods involved. Accordingly, 
mixtures of nicotinamide and penicillin (in- 
cluding mole ratios from 4:1 to 4,000:1) were 
incubated at 37°. After 18 hours, the solu- 
tions were diluted so that the residual nicotin- 
amide concentrations were less than 20 y per 
ml, and inhibition curves determined. These 
were compared with curves for a solution of 
penicillin alone which had been treated sim- 
ilarly. No enhancement of penicillin action 
could be observed under these conditions. 

In an effort to determine the effect of nico- 
tinamide upon penicillin inhibition of other 
organisms, experiments similar to those de- 
scribed above were performed using Strepto- 
coccus pyogenes C-203, E. coll, and two other 
strains of Staphylococcus aureus. Penicillin 
inhibition of S. pyogenes and E. coll was un- 
affected by the presence of even large amounts 
of nicotinamide. However, the other strains 
of Staphylococcus aureus studied responded to 
combinations of penicillin and nicotinamide 


in a manner qualitatively and quantitatively 
analogous to the response of the Oxford 
staphylococcus. In the presence of 1.5 mg of 
nicotinamide per ml, the concentration of peni- 
cillin required for half-maximum inhibition of 
the latter organism is approximately 0.7 that 
required when no nicotinamide is present. 
Ratios for the other strains studied were 0.64 
and 0.67 respectively. It should be noted that 
these 3 strains had significantly different peni- 
cillin sensitivities. 

It is well known that penicillin is most 
effective under conditions favoring rapid 
growth of the organism, and the theory that 
penicillin acts primarily upon actively multi- 
plying cells is supported by a good deal of 
evidence. 4 It seems unlikely, however, that 
the phenomenon under discussion can be 
explained by an increased rate of cellular mul- 
tiplication. Although detailed studies of the 
effect of nicotinamide upon the rate of growth 
of the staphylococcus have not been made, a 
single experiment indicated that a slight de- 
crease in rate occurred upon using concen- 
trations of nicotinamide comparable to those 
indicated above. 

Summary. High concentrations of nicotin- 
amide exert a synergistic effect upon penicillin 
inhibition of Staphylococcus aureus. Nicotinic 
acid was inactive in this respect. No evidence 
for a reaction between nicotinamide and peni- 
cillin could be found. Although the effect of 
nicotinamide appeared to be general for the 
3 strains of staphylococcus tested, no effect 
could be demonstrated upon either Strepto- 
coccus pyogenes or E. coll. 


4 Chain, E., and Duthie, E. S., Lancet, 1945, 
1, 652. 
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Studies on the Action o£ Penicillin. IV. Development of Penicillin 
Resistance by Gonococcus/ 

C. Phillip Miller and Marjorie Bohnhoff. 

I'rom the Department of Medicine and the A. B. Kuppenheimcr Foundation, University of 

Chicago. 


Among the several recent reports on the 
development of penicillin resistance by various 
microorganisms, only that by Bahn, Ackerman, 
and Carpenter 1 concerns gonococcus. They 
were able to enhance the penicillin tolerance 
of one of 5 strains of gonococcus sufficiently 
after 32 weeks to permit growth in blood broth 
containing 2 units of penicillin per ml. The 
other strains responded less readily, one 
scarcely at all. Lankford 2 found that among 
203 freshly isolated strains of gonococcus 
none was resistant to more than 0.02 units of 
penicillin per ml. 

As gonococci grow more readily on solid 
media than in broth, the following experi- 
ments were made by surface cultivation on 
agar containing known concentrations of peni- 
cillin. 

Methods. Strains of gonococci were trans- 
ferred daily to freshly prepared blood agar 
plates 3 containing increasing concentrations of 
penicillin.! Each transfer was made to 3 or 4 
plates containing graded increments of peni- 
cillin and taken from the plate which had 

* A portion of the work described in this paper 
was done under a contract recommended by the 
Committee on Medical Research, between the Office 
of Scientific Research and Development and the 
University of Chicago. 

1 Bahn, Jeanne M., Ackerman, Helen, and Car- 
penter, diaries M., Pitoc. S oc. Exp. Biol, and 
Med., 1945, 58, 21. 

2 Lankford, Charles E., Am. •/. Syph. Gon. and 
Van, Dis„ 1945, 20, 56. 

3 The medium is described by Miller, C. Phillip, 
Moeller, Velma, and Bohnhoff, Marjorie, Pkoc. 
Boc. Exp. Biol, axd Med., 1945, 58, 143. 

t The penicillin was provided by the Office of 
Scientific Research and Development from supplies 
assigned by the Committee on Medical Research for 
experimental investigations recommended by the 
Committee on Chemotherapeutics and Otiier Agents 
of the National Research Council. 


developed confluent growth during 24 hours 
incubation. This procedure was followed be- 
cause it was found that enhancement of peni- 
cillin tolerance proceeded more rapidly when 
transfer was made from media containing the 
highest concentration of penicillin which per- 
mitted moderately abundant growth rather 
than from higher concentrations which pro- 
duced only a few colonies. 

The penicillin agar was prepared each day 
just before use because its growth inhibiting 
potency was found to diminish even in the ice- 
box. 

The results with one strain are plotted in 
Fig. 1. The penicillin tolerance; that is, the 
ability to multiply on penicillin agar, increased 
rapidly at first and reached its limit at 7-7 
units per ml. Just before that occurred and 
at a time when the average daily increment 
had become small, a second series of transfers 
was begun by subcultivation onto penicillin- 
free agar. Thereafter, this second series was 
transferred back and forth from penicillin- 
containing to penicillin-free agar. As will be 
seen in the chart, this practice resulted in 
further and more rapid enhancement of peni- 
cillin tolerance which reached a level of 21 
units per ml. The only detectable difference 
in this second series of transfers was mOT e 
luxuriant growth on penicillin-free agar which 
provided a greater number of viable gonococci 
to be carried back onto penicillin agar. These 
results indicate that enhancement of penicillin 
resistance proceeds most rapidly when vigorous 
multiplication is maintained. 

To test the validity of the foregoing explan- 
ation, a strain of gonococcus was repeatedly 
subjected to prolonged exposure to concen- 
trations of penicillin which inhibited 
reproduction. To 2 cc volumes of blood broth 
containing varying concentrations of penicillin, 
approximately 5 X iO G gonococci per ml were 
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mixed in Wassermann tubes, incubated over- 
night, then centrifuged at high speed for one- 
half hour. The number of viable gonococci 
surviving was determined by culturing the 
centrifuged sediment onto freshly poured 
blood agar plates which were incubated in a 
candle jar and examined at 24 and 48 hours. 
After the first 24 hours of incubation, colonies 
developing from organisms surviving the 
highest concentration of penicillin were grown 
on penicillin-free agar and used for the next 
suspension in penicillin broth. 


After 13 successive suspensions in penicillin- 
broth, the number of viable gonococci sur- 
viving exposure to each concentration of peni- 
cillin had not increased (beyond the limits 
of the error of the method) and indicate that 
the resistance of the strain had not been 
appreciably increased. 

At the time of the first penicillin broth 
suspension and again after the 9th, the strain 
was tested for its ability to multiply on peni- 
cillin agar. The change was insignificant, 
being 0.04 and 0.05 units per ml, respectively. 
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Several reports have appeared on the devel- 
opment of penicillin resistance in vitro ltd 

but'tZ i Sta P hyl ° C0Cci1 - 1 ' and Pneumococci, 
but they do not agree on its effect on virulence 

to h ^ - The S6nsitivity of meningococci 
he bacteriostatic action of penicillin* was 
determmed by transferring them from routine 
media onto a senes of blood agar plates'* con- 
taining known concentrations of penicillin and 
incubating them in a candle jar. The highest 
concentration permitting the development of 
any colonies was considered the limit of that 
strain’s resistance to penicillin. Increased 
resistance to penicillin was developed by the 
method described for gonococci. 3 Virulence 
was determined by inoculating mice intraperi- 
toneally with mucin suspensions of meningo- 
cocci. 0 Susceptibility to the therapeutic action 
of penicillin was estimated by infecting mice 
with 10,000-100,000 M.L.D. of meningococci 
and injecting them subcutaneously 3 and 6 
hours thereafter with appropriate doses of 
penicillin. 

Results. The natural resistance to peni- 
cillin was determined on 96 strains of meningo- 


cocci and found to vary from 0.1 to 0.5 units 
per m Seven strains were selected at random 
or en ancement of penicillin resistance and 
were su cultured daily on media containing 
increasing concentrations of penicillin. The 
resis ance of all 7 strains increased at about 

1 iilcKee, Clara JT., and Houck, Carol L., Proc. 

‘ . Pl Biol - and ^Ied., 1943, 53, 33. 

-Spink, Wesley W., Hall, Wendell H., and Perris, 
Viola, J. A. Jr. A., 1045, 12 8,555. 

3 Schmidt, L. H., and Sesler, Clara L., Proc. Soc. 
Jhxp. Biol, and Med., 1943 , 52 , 353. 

The penicillin was provided by the Office of 
Scientific Research and Development from supplies 
assigned by the Committee on Medical Research for 
experimental investigations recommended by the 
ommittee on Chemotherapeutic and Other Agents 
Of the National Research Council. 

■» The medium is described by Miller, C. Phillip, 
-Moeller, Velma, and Bohnhoff, Marjorie, Proc. 
hoc. Exp. Biol, and Med., 1945, 58, 143. 

■> Miller, C. Piiillip, and Bohnhoff, Marjorie, 
Pkoc. Soc. Exp. Biol, and Med. (preceding com- 
munication). 

c Miller, C. Phillip, and Castles, Ruth, di Inf. 

Dis., 1936, 58, 2 63. 
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the same rate. None was carried to its limit. 
The one strain (No. 274) which was carried 
farthest became contaminated at a time when 
it was growing on media containing 41 units 
per ml. The results with this strain are shown 
in Fig, 1. 

The virulence of all 7 strains was deter- 
mined after they had acquired varying de- 
grees of penicillin resistance up to 5 units per 
ml and all were found to have lost very little 
or none of their original virulence for mice. 

Table I summarizes observations on the 
in vitro and in vivo action of penicillin on 
strain 274 up to the level at which it lost 
virulence. These include determinations of 
virulence and susceptibility to therapeutic 
action in the infected mouse. The slight 
diminution of virulence which occurred as 
penicillin resistance developed was no more 


TABLE I. 


Changes in Virulence and in Susceptibility to 
Treatment by Penicillin Luring the Development 
of Penicillin Resistance by Meningococcus. 


Penicillin 
resist mice 
units/ml 

Virulence* 

Smallest 
protective dose 
of penicillin t 
units 

0.3 

maximal 

20-40 

5 

high 

400 

10 

) f 

GOO 

14 

) J 

600 

18 

none 

not done 

I 


* maximal — Jf.L.D. of 1-10 meningococci 
high — JI.L.D. of 10-100 meningococci, 
none — M.L.L. of 1 0‘ J meningococci. 
t Smallest dose of penicillin which successfully 
protected mice infected with 100,000 of the menin- 
gococci described in the other columns. 

than commonly occurs during repeated sub- 
cultivation on artificial media. But when the 
strain had acquired resistance to 18 units per 
ml virulence was lost completely and could 
not be restored by mouse passage. The strain 
had also acquired unusual physical properties 
although it still retained its ability to ferment 
glucose and maltose. 

The table also shows that as the strain 
increased its tolerance in vitro, the test infec- 
tion (always produced by inoculating the 
same number of microorganisms) required 
larger doses of penicillin for successful treat- 
ment. Mice infected with the strain when it 
was resistant to 14 units per ml required 600 
units of penicillin for its control, a dose 15-30 
times the number which was effective before 
the strain bad begun to acquire penicillin- 
resistance. 

Summary. A one of 96 strains of meningo- 
cocci was found to be naturally resistant to 
penicillin in vitro. Seven strains all acquired 
penicillin resistance readily and at about the 
same rate during repeated subcultivation on 
agar containing increasing concentrations of 
penicillin. The strains remained virulent for 
mice as penicillin resistance increased, except 
1 strain which lost virulence at 18 units per mb 
Infections produced with penicillin-resistant 
strains required very large doses of penicillin 
for their control. 
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Antibody Response of Swine Vaccination with Formalized Striae 
Influenza Virus Adsorbed on Alum.* 

I. W McLean, Jr./ Dorothy Beard, A. R. Taylor, D. G. Sharp, and J. W. Beard.* 
r0m thC De l ,arlm ™ 1 of Surgery, Duhc University School of Medicine, Durham, X.C. 


_ The antibody response of swine to vaccina- 
tion with formolized influenza virus suspended 
in saline solution is characterized in part 1 --- 3 
both by a swift increase in antibody titer and 
by a subsequent rapid decline in the titer to 
low levels. A similar transient effect of 
influenza virus vaccines has been observed in 
man. Because of this rapid loss of circulat- 
ing antibody, various substances have been 
combined with the inactivated virus to alter 
the adsorptive and immunological processes 
for tire purpose of prolonging the period of 
high antibody titer. Friedewald''-' 1 reported 

* Tllis "'orb "'as supported through the Commis- 
sion on Influenza and the Commission on Epidomio- 
logieal isuney, Board for the Investigation and 
Control of Influenza and Other Epidemic Diseases 
in the Army, Preventive Medicine Service, Office 
of tlie Surgeon General, U. S. Army. The work 
was also aided in part by a grant to Duke Univer- 
sity from Lederle Laboratories, Inc., Pearl River 
Xew York. 

t Member, Commission on Epidemiological Sur- 
vey, Board for the Investigation and Control of 
Influenza and Other Epidemic Diseases in the 
Army, Preventive Medicine Service, Office of the 
Surgeon General, U. S. Army. 

} Consultant to Secretary of War and Member, 
Commission on Acute Respiratory Diseases, Board 
for the Investigation and Control of Influenza and 
Other Epidemic Diseases in the Army, Preventive 
Medicine Service, Office of the Surgeou General, 

U. S. Army. 

1 McLean. I. W., Jr., Beard, D., Taylor, A. R., 
Sharp, D. G., and Beard, J. W„ Science, 1945, 
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2 McLean, I. IV., Jr., Beard, D., Taylor, A. R., 
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excellent results in mice, rabbits, and ferrets 
by the use of killed acid-fast bacilli, paraffin 
oil, and “Faiba” with formalin-inactivated 
influenza virus A (PR8 strain), a mixture 
which caused much local reaction. Salk 7 
. found that influenza vaccine adsorbed on cal- 
cium phosphate produced better and longer- 
lasting protection in mice than vaccine in 
saline solution. In rabbits and guinea pigs 
sterile abscesses frequently occur 8 at the site 
of injection of formolized influenza virus pre- 
cipitated with calcium phosphate. 9 Bodily, 
Corey and Eaton 10 employed alum for concen- 
trating the influenza virus, and in limited tests 
in man observed no essential difference be- 
tween the antibody response to alum-adsorbed 
vaccine and that to the vaccine prepared 11 
with salt solution. In view of the considerable 
advantages in the use of alum 12 ’ 13 with diph- 
theria and tetanus toxins, the question has 
been investigated further in quantitative 
studies on the antibody response of swine to 
known amounts of formalin-inactivated swine 
influenza virus adsorbed on alum. The re- 
sults obtained are reported in the present 
paper. 

Materials and Methods. The stock vaccine, 
prepared on 5/15/44 and stored at 2-8 °C, 
was identical with that used in a previous 
study 3 and contained 2.0 mg of virus per ml, 
0.05% formalin and 1/50,000 phenyl mer- 


" Salk, J. E., Science, 1945, 101, 122. 

8 McLean, I. W., Jr., Beard, D., Taylor, A. B., 
Sharp, D. G., and Beard, J. W., unpublished data. 

» Salk, J. E., Proc. Soc. Exp. Biol, and Med., 
1943, 52, 1G5. 

id Bodily, II. L., Corey, M.. and Eaton, M. D.> 
Proc. Soc. Exp. Biol, and Med., 1943, 52, 165. 

11 Hirst, G. K„ Rickard, E. R., and Whitman, L-, 
Proc. Soc. Exp. Biol, and Med., 1942, 50, 129. 

12 Glenny, A. T., and Siidmerseu, H. J., J. Egg., 
1921, 20, 176. 

is Glenny, A. T., Buttle, G. A. H., and Stevens, 
M. F., J. Path, and Pact., 1931, 34, 267. 



Alum: Adsorbed Influenza Virus Vaccine 


359 


TABUS I 

Dates of Vaccination and Bleeding. 


Animal 

group 



October 



November 



December 

January 

16~ 

17 

23 

24 30 
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7 13 

20 21 

~2S 
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11 

IS 
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1 

15 
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B 

B 

B 

B 

B 


* B — Bled; V — Vaccinated. 


curie borate. Three separate batches of vac- 
cine, A, B, and C, were prepared using dif- 
ferent amounts of alum. 

Batch A was prepared on 10/6/44. To 25 
ml of the stock vaccine, diluted to 100 ml 
with sterile Ringer solution and warmed to 
30°C, 50 ml of sterile 2.2% alum? solution 
were added to give the concentration of alum 
commonly employed for preparation of com- 
mercial alum-precipitated diphtheria toxoid. 
The pH was adjusted to 6.5, and a heavy, 
white, flocculent precipitate formed imme- 
diately. After storage of the suspension over- 
night at 4 °C, the floccules were sedimented by 
centrifugation (500 times gravity), and the 
clear, supernatant fluid was decanted. The 
sediment was resuspended in 100 ml of sterile 
Ringer solution containing 0.05% formalin 
and 1/50,000 phenyl mercuric borate. Hem- 
agglutinative tests showed a loss of less than 
1% of the virus, the content of which in the 
preparation, from nitrogen estimated by 
Kjeldahl, was 0.56 mg per ml. Vaccine A 
thus consisted of 0.5 mg (based on the amount 
of stock vaccine used) of formolized swine 
influenza virus per ml adsorbed on 1.1% alum 
and suspended in Ringer-formalin-phenyl mer- 
curic borate solution. 

B and C were prepared on 11/27/44 by 
precipitation on 0.6 and 0.3% alum, respec- 
tively. In the instance of B, 12.5 ml of 1.1% 
alum in formalin-phenyl mercuric borate- 
Ringer solution were added to 6.25 ml of the 
original stock vaccine. The pH was adjusted 
to 6. 5-7.0 with 0.2 .V NaOH; the resulting 
precipitate was considerably less dense than 

5 Baker and Adamson Reagent, Crystalline 
Aluminum Potassium Sulfate, Ai 2 (S0 4 ) 3 K;„S0 4 • 
24H»0. The solution used was 5% alum 0 "ii the 
basis of the hydrated salt. 


that observed in the preparation of A. Be- 
cause of possible incomplete adsorption and 
consequent loss of virus, this precipitate was 
not sedimented. Instead, Ringer-formalin- 
phenyl mercuric borate solution was added to 
yield 25 ml of vaccine. For the preparation 
of Vaccine C, 12.5 ml of a 0.6% alum solution 
were used in the same manner. Kjeldahl 
analysis revealed the virus content of B and 
of C to be 0.54 and 0.53 mg per ml, respec- 
tively. 

The experimental animals were swine like 
those previously used. 2 - 3 The various groups 
for a given experiment were chosen so that 
each group was comparable with the others 
with respect to weight and sex. The animals 
of the first experiment (Groups 1, 2, and 3) 
were somewhat larger than those usually em- 
ployed, 2 - 3 ranging in age from IS to 24 weeks 
and in weight from 61 to 138 lb, with an 
average of 82 lb. There were 32 females and 
16 males: all of the males except 3 had been 
castrated. The animals for the second experi- 
ment (Groups 4 and 5) were from 16 to 20 
weeks old and varied in weight from 48 to 
92 lb, with an average of 67 lb. There w r ere 
20 females and 12 males; 9 of the males were 
castrated. A few animals of Poland-China and 
Duroc strains were used, but the Berkshire 
strain was predominant. 

The animals kept in the usual way, 2 - 3 
remained healthy except during 2 weeks of 
abnormally bad weather at the end of Decem- 
ber, 1944, when many suffered from upper 
respiratory infections. One animal of Group 
1, 3 of Group 4, and 1 of Group 5 died at this 
time, of what appeared to be a bacterial pneu- 
monia. There was no evidence of influenza. 

Vaccination was performed by introducing 
1 ml of the vaccine subcutaneously into the 
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gain in weight was 8 lb per animal per week. 

Bleeding, preparation of sera, storage, and 
titration of the capacity of the sera to inhibit 
the hemagglutinative reaction were carried out 
as previously described. 2 - 3 Sera obtained 
immediately before, and 1, 2, 3, 3, and 7 weeks 
after, vaccination were titrated twice; (1) 
without freezing and within 4 days of the time 
of bleeding, and (2) after storage in the frozen 
state until the completion of both experiments. 
The titers of the 2 sets of titrations exhibited 
a standard deviation of 0.47 of a 2-fold dilu- 
tion, and the values given here were the 
geometric means of the two endpoints. 

Use was made of the geometric means of 
the titers of the individual pigs for the reasons 
previously given. 2 

Results. The experiments were set up in 
two categories. The purpose of the initial 
experiment was to measure the antibody 
response to the vaccine adsorbed on alum and 
to test the response to a second vaccination 
with the same material after intervals of 2 
and 4 weeks. Three groups of 16 pigs each 
were given a single dose of Vaccine A (1.1% 
alum), and Groups 2 and 3 were revaccinated 
after intervals of 2 and 4 weeks, respectively. 
The sequence of vaccination and bleeding is 
shown in Table I. 

In the second experiment the relation of the 
response to the quantity of alum employed for 
adsorption was investigated. Two groups of 
animals, 5 and 6, were used; Group S was 
given a single dose of Vaccine B (0.6% alum) 
and Group 6 a single dose of Vaccine C (0.3% 
alum). The time relations of vaccination and 
bleeding in this experiment are likewise shown 
in Table I. 

The results of experiment 1, Groups 1, 2, 
and 3, are shown in Fig. 1, A. The antibody 
titer rose sharply during the first week after 
the initial injection and reached the maximum 
at the 2-weeks interval. The rate of antibody 
loss in subsequent weeks is illustrated in the 
findings with Group 1. Repetition of vaccina- 
tion of Group 2 at the 2-weeks interval re- 
sulted in a continuation of the rise initiated 
by the first injection to a much higher level 
within 1 week and maintenance of this level 
for another 7 days. In the instance of Group 
3, a considerable diminution in antibody 


occurred in the interval between first and 
second vaccinations; nevertheless, the second 
vaccination of this group resulted in a rapid 
increase in titer, which reached a level in 1 
week still higher than that of the group revac- 
cinated after the 2-weeks interval. The high 
level was maintained for a period of 7 days. 
The rate of antibody loss after final vaccina- 
tion was nearly the same in all of the groups. 

In Fig. I, B and C, are shown comparisons 
of the responses to repeated vaccination at the 
intervals of 2 (Fig. 1, B) and 4 (Fig. 1, C) 
weeks with vaccine adsorbed on alum (Groups 
2 and 3, Fig. 1, A), and with the same vaccine 
without alum (Fig. 2, Groups B and D). 3 
The results shown in Fig. 1, B and C, show 
that the overall responses to the two sorts of 
vaccine were strikingly similar both in degree 
and duration. Differences were seen only in 
the rate of response and in the maximum im- 
mediate response. The highest titer after the 
initial vaccination with alum vaccine occurred 
at the 2-weeks interval; response was more 
rapid to the second vaccination, a high titer 
being reached in 7 days and maintained for 
another week before loss occurred. The rates 
of loss of antibody titer afterward were essen- 
tially identical in both instances. 

The effects of one injection of vaccine ad- 
sorbed on various quantities of alum are 
shown in Fig. 2 (Experiment 2, Groups 4 and 
5). The findings of Group 1 (Fig. 1, A) which 
received a single injection are repeated in Fig. 
2 to compare more clearly the effects of 1.1% 
alum. It is seen again that the rate of 
response is relatively slow and, with all quan- 
tities of alum employed, the maximum titer 
was reached 2 weeks after vaccination. It is 
evident that the degree of response was con- 
siderably affected by the amount of alum 
employed. The highest mean titer observed 
with the vaccine in the presence of 0.3% alum 
was 277 and that with vaccine adsorbed on 
1.1% alum was 147, a 2-fold difference in titer. 

Discussion. Swine influenza virus vaccine 
adsorbed on alum elicited an antibody response 
in swine which differed in only two evident 
respects from the response to the identical 
kind and amount of the vaccine dispersed in 
saline solution. These differences were (1) a 
brief delay, approximately 1 week, in the 
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jl ilt. x. 

A. Antibody response of swine to vaccination with 0.5 mg of formoUzed swine 
mfluenza virus adsorbed on 1.1% alum. Group 1 received but one vaccination: in 
Groups - and 3 vaccination was repeated after 2 and 4 weeks, respectively. 

B. . Comparison of response to repeated vaccination after 2 weeks with alum* 
precipitated \aocine (Group 2, Fig. 1, A) with response to like vaccination with the 
sumo vaccine without alum (Group 11, Fig. 2, previously reported**). 

C. . Comparison of response to repeated vaccination after A weeks with alum- 
preeipitated vaccine (Group 3, Fig. 1, A) with response to like vaccination with the 
same vaccine without alum (Group D, Fig. 2, previously reported**). 


right posterior axillary region where fat was 
avoided. Second injections were given simi- 
larly on the left side. No general reactions 
were observed, but all of the animals developed 
indurated nodules at the site of vaccination. 
The nodules were larger and more persistent 
with the larger amounts of alum. Those asso- 
ciated with the vaccine adsorbed on 1.1% alum 
were about 1.5 to 2 cm in diameter; about 


70% of those initially present were still palpa- 
ble after 7 weeks. The 0.6 and 0.3% alum 
vaccines produced nodules averaging 1 and 
0.7 cm, respectively, which persisted for 7 
weeks in 56 and 38% of the 2 groups of 
animals. 

The pigs were weighed at the time of each 
vaccination and at the end of the experiment 
7 weeks after the last vaccination; the average 
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Inhibition of Salmonella Cultures by Streptomycin/* 

Mary G. West, E. R. Doll, and P. R. Edwards. 

From the Department of Animal Pathology, Kentucky Agricultural Experiment Station , 

Lexington, Kg. 


Streptomycin is known to be active against 
various gram-negative bacteria, but little is 
known of its action on Salmonella. The present 
paper is a report of the in vitro inhibition of 
412 Salmonella cultures by' the agent. The cul- 
tures employed in the work included 154 dis- 
tinct serological types which comprised all the 
presently recognized forms in the genus. Only 
one or two representatives of the majority of 
the types were studied since most of them 
occur very rarely. A number of the types 
which occur more frequently and which are 
better known were represented by a larger 
number of cultures. 

The tests were performed by streaking 
tryptose agar plates which contained varying 
amounts of streptomycin with a 2 mm loopful 
of a saline suspension which contained ap- 
proximately 100 million cells per ml. Strepto- 
mycin was added in amounts of 1, 2, 4, 8, 16, 
32, and 64 units per ml of agar. Two samples 
of streptomycin which contained respectively 
80 and 120 units per mg were used and similar 
results were obtained with both samples. * 
Streptomycin was added to the melted and 
cooled agar which was poured into plates and 
streaked immediately after hardening with 
freshly prepared bacterial suspensions. The 
plates were incubated 24 hours at 37°C. The 
smallest amount of streptomycin which sup- 
pressed all visible growth of the bacteria was 
recorded as the inhibitive concentration. 

It was not found practical to space the dilu- 
tions of streptomycin more closely than the 
serial dilutions mentioned above since there 
was a gradual inhibition of growth as the 

* The im estigation reported in tiiis paper is in 
connection with a project of the Kentucky Agri- 
cultural Experiment Station and is published by 
permission of the Director. 

t The samples of streptomycin were obtained 
through the courtesy of Merck and Company and 
their receipt is gratefully acknowledged. 


amount of streptomycin increased. In some 
cultures a few resistant colonies developed on 
plates which contained the higher concentra- 
tions. In others complete inhibition was pre- 
ceded by the occurrence of pin-point growth 
in one or two dilutions. Many of the tests 
were repeated several times and comparable 
results were obtained. The point of complete 
inhibition sometimes varied one dilution from 
test to test, i.e., a given culture might be 
inhibited by 8 units in one test and by 16 
units in a second. In most instances the end- 
point was the same in repeated trials. 

Strain W of E. coli was used to control all 
tests and this culture was inhibited regularly 
by 4 units of streptomycin per ml of medium. 
The Salmonella strains in general were more 
resistant; the great majority of the types were 
inhibited by 8 to 16 units per ml. Space does 
not permit the separate listing of all the types 
tested but it may be said that with the excep- 
tion of the types enumerated below and the 
cultures given in Table I, all the cultures were 
inhibited either by 8 or 16 units of strepto- 
mycin per ml. S. typhi suis, S. duesseldorf, S. 
sendai and S. poona were inhibited by 2 units 
of streptomycin per ml, while 4 units were re- 
quired to inhibit S. abortus-ovis, S. viuenchen , 
S. dublin, S. rostock, S. moscow, S. blegdam, S. 
selandia, S. hvittingfoss, S. minnesota, S. vtele- 
agridis, S. orion, and S. Pretoria. Those cul- 
tures which were more resistant than the ma- 
jority of the types required 32 units per ml to 
inhibit growth, Among this group were S. 
amager, S. California, S. manhattan, S. alten- 
dorf, S. simsbury, S. Mississippi, S. tennessee, 
S. florida, S. madelia, and S. heves. 

In Table I are listed 252 cultures of 19 of 
the types frequently encountered. Different 
cultures of the same type vary widely in their 
sensitivity to streptomycin and it is unwise to 
draw conclusions regarding the susceptibility 
of a given type unless several cultures are 
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Fig. 2. 

Effect of amount of alum present in vincine on antibody 1 espouse. 


attainment of the maximum antibody level and 
(2) a lower antibody titer at the time of peak 
response. At no time was the response to the 
alum vaccine higher than that to the vaccine 
without alum. It is of interest to note that 
the maximum antibody titer induced by the 
vaccine with alum, which came at the interval 
of 2 weeks after vaccination, was essentially 
identical with the declining titer following 
the use of plain vaccine at the same interval. 
The results in swine were similar in this respect 
to those in man described by Bodily, Eaton 
and Corey, 10 for these authors measured anti- 
body content at the interval of 2 weeks after 
vaccination with the two types of vaccine. Sub- 
sequent to the 2-weeks interval, the rates of 
antibody decline in swine were the same with 
the 2 vaccines and, consequently, the levels 
of antibody titer were alike with respect to 
time. 

It was observed, further, that adsorption of 
the vaccine on alum may lessen the response 


to a given amount of the vaccine. In the 
present experiments, there appeared to be a 
definite relation between the height of response 
and the quantity of alum used. The response 
was least in the instance of 1.1% alum and 
greatest in that of 0.3% of the material. The 
present results as a whole indicate not only 
that adsorption of influenza virus vaccine on 
alum is of no benefit but that it may possibly 
be detrimental to the production and main- 
tenance of anti-influenza antibody titer. 

Summary. The antibody response of swine 
to formolized swine influenza virus adsorbed 
on alum is essentially the same as that to the 
vaccine dispersed in saline solution. The 
chief influence of the alum is a brief delay in 
the peak response. The higher concentrations 
of alum lessen the primary antibody response, 
but the subsequent antibody levels and the 
rates of diminution in titers are nearly iden- 
tical with the two sorts of vaccine. 
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Cytotoxicity of Streptomycin and Streptothricin. 

Dorothy H. Heilman. (Introduced by H. C. Hinshaw.) 
From the Division of Clinical Pathology, Mayo Clinic, Rochester, Minn. 


The present study was done as part of a 
clinical and laboratory investigation of strep- 
tomycin, an antibiotic agent described by 
Schatz, Bugie, and Waksman. 1 Streptomycin 
has been found effective in the treatment of a 
number of experimental infections in labora- 
tory animals.- -10 In experiments reported by 
Feldman and Hinshaw 7 and by Feldman, Hin- 
shaw, and Mann, 10 streptomycin was admin- 
istered to guinea pigs over a long period with- 
out causing recognizable toxic reactions or 
tissue changes. Of several different lots of 
streptomycin used in the experiments of Feld- 
man and Hinshaw, only one appeared to be 
toxic, indicating that the reactions observed 
were probably due to an impurity and not to 
streptomycin itself. 

The tests of cytotoxicity reported in this 
paper were carried out on a number of samples 
of streptomycin before they were used for 
clinical investigation. In addition, a limited 
number of' tests was also done with strepto- 

1 Schatz, Albert, Bugie, Elizabeth, and Waksman, 
S. A., Proc. Soc. Exp. Biol, and Med., 1944, 
-55, CG. 

2 Jones, Doris, Metzger, H. J., Schatz, Albert, 
and Waksman, S. A., Science, 1944, n.s. 100, 103. 

3 Waksman, S. A., Bugie, Elizabeth, and Schatz, 
Albert, Proc. Staff Med., Mayo Clin., 1944, 10, 337. 

4 Heilman, F. R., Proc. Staff Meet., Mayo Clin., 
1944, 10, 553. 

3 Robinson, H. J., Graessle, O. E., and Smith, 
Dorothy G., Science, 1944, n.s. 09, 540. 

o Robinson, II. J., Smith, Dorothy G., and 
Graessle, 0. E., Proc. Soc. Exp. Biol, and Med.. 

1944, 57, 226. 

7 Feldman, W. H., and Hinshaw, II. C., Proc. 
Staff Meet., Mayo Clin., 1944, 19, 593. 

8 Heilman, F. R., Proc. Staff Meet., Mayo Clin., 

1945, 20, 33. 

9 Heilman, F. K., Proc. Staff Meet., Mayo Clin., 
1945, 20, 109. 

10 Feldman, W. H., Hinshaw, H. C., and Mann, 
F. C., unpublished data. 


thricin, an agent described by Waksman 11 
that is similar in many respects to strepto- 
mycin, especially with regard to its selective 
anti-bacterial activity. Robinson, Graessle, 
and Smith 3 have reported on the toxicity of 
streptothricin for mice. In another study they 
reported that some samples of streptomycin 
are several times less toxic than streptothricin 
in acute toxicity tests. 0 Feldman and Hin- 
shaw 12 found streptothricin toxic for guinea 
pigs when it was given by repeated adminis- 
tration. 

Experimental Methods. The tissue culture 
technic used has been described previously in 
detail. 13 Young adult male rabbits were used 
exclusively as a source of tissue, plasma, and 
serum used in the preparation of cultures. A 
serum-chick-embryo extract was made by ex- 
tracting chick embryos of 8 days of incuba- 
tion with rabbit’s serum in the proportion of 

1 embryo to 5 cc of serum. Fragments of 
rabbit’s spleen measuring approximately 1 to 

2 mm across were selected and were placed in 
Tyrode’s solution in matched groups of 12 
fragments each. In each experiment 1 group 
of 12 fragments was used in the preparation 
of the control series of cultures and each of 
the remaining groups comprised a test series. 
A solution of streptomycin or streptothricin* 
in Tyrode’s solution was added to the tissue 
extract used in the preparation of the test cul- 
tures in an amount that would comprise 1/20 

u Waksman, S. A., J. Bad., 1943, -46, 299. 

12 Feldman, W. H., and Hinshaw, H. C., unpub- 
lished data. 

13 Herrell, W. E., Heilman, Dorothy, aud Gage, 
R. P„ J»i. J. M. Sc., 1943, 200, 20. 

* Samples of streptomycin and streptothricin 
were kindly furnished by Dr. Waksman and also 
by Dr. D. F. Robertson of Merck & Co., Inc. Addi- 
tional samples of streptomycin were furnished 
through the kindness of Abbott Laboratories, 
Parke, Davis & Company, aud the Upjohn Company. 
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Inhibition of Salmonella Cultures by Streptomycin 
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examined. Results obtained with only one or 
2 cultures of a given type are only a tentative 
indication of the susceptibility of that type to 
the substance. In general, it may be said that 
S. paratyphi A and S. typhi Mere quite suscep- 
tible to the action of streptomycin while 
S. pullorum and S. entciitidis were inhibited 
by relatively low concentrations. The re- 
mainder of the commonly occurring Salmonella 
types were decidedly more resistant. It is 
of interest that not only was 5. cnteritidis one 
of the more easily inhibited types, but the 
closely related forms, S. dnblin, S. rostock, S 
Moscow, and 5. blegdam, were also inhibited 
by low concentrations of streptomycin 

Summary. The in vitro inhibition of 412 
cultures of Salmonella by streptomycin was 


studied. All of the recognized types in the 
genus were included in the work. Of t e 
commonly occurring types, S. paratyphi & 
and S. typhi were the most sensitive anile 
S. pullorum and 5. entcritidis were somewhat 
less susceptible The remainder of the types 
which are found frequently were more re- 
sistant The majority of the types require 
2 to 4 times as much streptomycin to mhibi 
growth as did E. coli W. Different cultures 
of the same type often varied widely in their 
susceptibility to streptomycin 

The woik desmbed in tins papei was done under 
,i contuct, lecouimended by the Committee on 
Xtedw.il Rcmmk-Ii, between the Office of Si'icuti c 
Resean.li and Development and the KentuiVv Agn 
cultmal E\pei uncut Station. 
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Cytotoxicity of Streptomycin and Streptothricin. 

Dorothy H. Heilman. (Introduced by H. C. Hinshaw.) 
From the Division of Clinical Pathology, Mayo Clinic, Rochester, Minn. 


The present study was done as part of a 
clinical and laboratory investigation of strep- 
tomycin, an antibiotic agent described by 
Schatz, Bugie, and Waksman. 1 Streptomycin 
has been found effective in the treatment of a 
number of experimental infections in labora- 
tory animals.- -10 In experiments reported by 
Feldman and Hinshaw 7 and by Feldman, Hin- 
shaw, and Mann, 10 streptomycin was admin- 
istered to guinea pigs over a long period with- 
out causing recognizable toxic reactions or 
tissue changes. Of several different lots of 
streptomycin used in the experiments of Feld- 
man and Hinshaw, only one appeared to be 
toxic, indicating that the reactions observed 
were probably due to an impurity and not to 
streptomycin itself. 

The tests of cytotoxicity reported in this 
paper were carried out on a number of samples 
of streptomycin before they were used for 
clinical investigation. In addition, a limited 
number of tests was also done with strepto- 

i Schatz, Albert, Bugie, Elizabeth, and Waksman, 
S. A., Proc. Soc. Exp. Biol, axd Med., 1914, 
55, GG. 

- Jones, Doris, Metzger, H. J., Schatz, Albert, 
and Waksman, S. A.. Science, 1944, u.s. 100, 103. 

3 Waksman, S. A., Bugie, Elizabeth, and Schatz, 
Albert, Proc. Staff Meet., Mayo Clin., 1944, 1!), 337. 

4 Heilman, F. B., Proc. Staff Meet., Mayo Clin., 
1944, 19, 553. 

SBobinsou, H. J., Graessle, O. E., and Smith, 
Dorothy G., Science, 1944, n.s. 99, 540. 

3 Bobinson, II. J., Smith, Dorothy G., and 
Graessle, O. E., Proc. Soc. Exp. Biol, and Med., 

1944, 57, 22G. 

7 Feldman, W. H., and Hinshaw, H. C., Proc. 
Staff Meet., Mayo Chit., 1944, 19, 593. 

8 Heilman, F. B., Proc. Staff Meet.. Mayo Clin., 

1945, 20, 33. 

9 Heilman, F. B., Proc. Staff Meet., Mayo Clin., 
1945, 20, 109. 

10 Feldman, W. II., Hinshaw, H. C., and Mann, 
F. C., unpublished data. 


thricin, an agent described by Waksman 11 
that is similar in many respects to strepto- 
mycin, especially with regard to its selective 
anti-bacterial activity. Robinson, Graessle, 
and Smith 5 have reported on the toxicity of 
streptothricin for mice. In another study they 
reported that some samples of streptomycin 
are several times less toxic than streptothricin 
in acute toxicity tests. 0 Feldman and Hin- 
shaw 1 - found streptothricin toxic for guinea 
pigs when it was given by repeated adminis- 
tration. 

Experimental Methods. The tissue culture 
technic used has been described previously in 
detail. 13 Young adult male rabbits were used 
exclusively as a source of tissue, plasma, and 
serum used in the preparation of cultures. A 
serum-chick-embryo extract was made by ex- 
tracting chick embryos of 8 days of incuba- 
tion with rabbit’s serum in the proportion of 

1 embryo to 5 cc of serum. Fragments of 
rabbit’s spleen measuring approximately 1 to 

2 mm across were selected and were placed in 
Tyrode’s solution in matched groups of 12 
fragments each. In each experiment 1 group 
of 12 fragments was used in the preparation 
of the control series of cultures and each of 
the remaining groups comprised a test series. 
A solution of streptomycin or streptothricin* 
in Tyrode’s solution was added to the tissue 
extract used in the preparation of the test cul- 
tures in an amount that would comprise 1/20 

11 Waksman, S. A., J. Bad., 1943, 46. 299. 

12 Feldman, IV. H., and Hinshaw, H. C., unpub- 
lished data. 

is Herrell, IV. E., Heilman, Dorothy, and Gage, 
R. P., Am. J. M. Sc., 1943, 206, 26. 

* Samples of streptomycin and streptothricin 
were kindly furnished by Dr. Waksman and also 
by Dr. D. F. Bobertson of Merck & Co., Ine. Addi- 
tional samples of streptomycin were furnished 
through the kindness of Abbott Laboratories, 
Parke, Davis & Company, and the Upjohn Company. 
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of Different Preparations of Streptomycin on Migration of Macrophages and Growth of Fibre- 
blasts in Cultures of Normal Babbit's Spleen. 


Alacrophages Fibroblasts 





/ 

Radius of migration, 

Radius of growth, 


Streptomycin 


mean ocular 

mean 

' 

Potency, 

' 

micrometer units 

planimeter units 


Sample 

units in 
lmg 

Dilution 
X 1000 

Control 

cultures* 

Test 

cultures 

% 

difference 

f 

Control 

cultures 

Test 

cultures 

9 o 

difference 

1 

200 

1:1 

269 ± 63 

252 ± 42 

— 6 

755 ± 30 

433 ± 21 

— 43i 



1:2 

179 -+■ 9 

192 ± S 

+ 7 

1112 ± 63 

9C8 -+■ 52 

— 13 



1:4 

179 ± 9 

174 ± 4 

— 3 

1112 ± 63 

731 ± 66 

— 3i 

O 

242 

1:2 

408 21 

373 ± 11 

— 9 

571 ± 31 

433 ± 26 

-21 



1:4 

582 ± 20 

567 ± 16 

— 3 

960 ± 27 

863 ± 58 

-10 

3 

333 

1:2 

40S ± 21 

353 ± 9 

—13 

571 ±31 

396 ± 20 

-SI 



1:4 

582 ± 20 

550 ± 16 

— 5 

960 ±27 

810 ± 46 

—16 

4 

270 

1:2 

408 ± 21 

387 -+- 18 

— 5 

571 ± 31 

377 ±29 

—31 



1:4 

414 ± 17 

406 ± 14 

2 

751 ± 54 

S54 ± 50 

+H 

5 

21S 

1:2 

476 -t- 20 

382 ± 8 

—20 

927 ± 55 

638 -+- 30 

—SI 



1:4 

414 ± 17 

465 ± 20 

+12 

751 ± 54 

784 ± 44 

+ 4 

6 
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1:2 

582 -+- 20 

521 ± 36 

—10 

960 ± 27 

789 ± 36 

-IS 



1:4 

412 ± 17 

384 ± 20 

— 7 

846 ± 30 

827 ± 16 

0 

7 
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1:2 

534 ± 24 

517 ± 16 

— 3 

843 ± 37 
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J? 
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-f 0.1 

8 
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—so 



1:4 
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392 ± 14 

— 5 

846 ± 30 

S04 ± 32 

— 0 

9 

369 

1:1 

467 ± 22 

430 ± 14 

— 8 

936 •+• 37 

722 ± 39 

—23 



1:2 

467 ± 22 

448 ± 17 

— 4 

936 ± 37 

982 ± 61 

+ 5 

10 
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417 ± 16 

—12 

927 ± 55 
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+ s 
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i A 4 
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408 ± 17 

480 ± 11 
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-f> 0.4 
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1:1 
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237 ± 8 

—14 
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812 ± 27 

— 5 
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265 ± IS 

— 4 

852 ± 63 

809 ± 38 

— o 

13 
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1:1 
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364 ± 12 

—15 

730 ± 23 

548 ± 28 

—25 



1:2 

429 ± 7 

413 ± 10 

— 4 

730 ± 23 

609 ± 30 

—17 

14 

100 

1:1 


t 


730 ± 23 

524 ± 23 

—28 



1:2 

429 ± 7 

353 ± 12 

—IS 

730 ± 23 

691 ± 20 

— D 


* The value following tlie ± is the standard error of the mean, 
t Values in italics show significant variation from controls, 
t Precipitate obscured cellular migration. 


of the volume of the final tissue culture clot. 

similar amount of Tyrode’s solution was 
added to extract used in the preparation of 

control cultures. . , „ . 

Cultures were placed in D-5 Carrel flasks 
and consisted of 0.5 cc of heparinized rabbit’s 
nlasma 1.0 cc of serum-chick-embryo extract 
aLl 4 explants of spleen which were placed m 


the medium before clotting occurred. Three 
flasks were prepared for each experimenta 
condition. Preparations were incubated at 
37°C for 5 days. Measurements of the migra- 
tion of macrophages were made with an ocular 
micrometer at 96 hours of incubation by a 
method that has been described. 1 -^ Fibro- 
blastic growth was determined on the fifth day 
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by proj'ectoscopic methods. The average 
radius of the growth or migration zone in 
each group of test cultures was compared with 
that of the corresponding controls and the 
results were expressed in terms of percentage 
of inhibition or stimulation. 

Results. Samples of streptomycin obtained 
from different sources were uniformly low in 
cytotoxicity (Table I). A concentration of 
1:2000 of streptomycin caused a slight but 
significant inhibition of migration of macro- 
phages in 2 instances and a decrease of fibro- 
blastic growth in 9 of the 14 samples tested. 
One sample of streptomycin in a concentration 
of 1:4000 caused a slight but significant inhibi- 
tion of the growth of fibroblasts but a similar 
concentration of the other preparations of 
streptomycin tested did not inhibit growth. 
Fibroblasts were more sensitive than macro- 
phages to streptomycin except in samples 12 
and 14. In the case of sample 14 the drug 
formed a precipitate in the culture medium. 
Particulate material frequently has a more 
toxic effect on macrophages than on fibroblasts 
because the particles are engulfed by the wan- 
dering cells. 

The results of tests with 2 samples of strep- 
tothricin are recorded in Table II. Both 
samples were much more toxic for fibroblasts 
than for macrophages. Leukocytes that were 


TABLE II. 

Effect of Different Concentrations of Strepto- 
tliriein on Migration of Macrophages and Growth 
of Fibroblasts in Cultures of Normal Babbit’s 
Spleen. 


Streptothricin 

x % variation from controls 

Dilution 


Sample 

X 1000 

Macrophages 

Fibroblasts 

1 

1:0.5 

—100* 

—100* 

325 units 

1:1 

— 57 

—100* 

per mg 

1:2 

— 45 

—100* 


1:10 

— 4 

—100* 


1:50 

+ 3 

+ 2 

0 

1:20 

+ 5 

—100* 

345 units 

1:40 

+ 0 

— 30 

per mg 

1:60 

+ 5 

— 28 


1:80 

+ 1 

— 7 


* 100 — complete inhibition of growth. 


present in the migration zone at 24 hours 
showed about the same sensitivity to strepto- 
thricin as did macrophages. The highest con- 
centrations of the 2 samples of streptothricin 
that were not toxic for fibroblasts were 
1:50,000 and 1:80,000 respectively. 

Comment. The low toxicity of strepto- 
mycin in tissue culture is in agreement with 
its relatively low toxicity for experimental 
animals. 2- *' 7-50 Recently Reimann, Elias, and 
Price 14 have reported on the use of strepto- 
mycin in the treatment of typhoid fever. 
Serious toxic reactions due to streptomycin did 
not occur in their series of cases. Because all 
of the samples tested in the present study 
were relatively nontoxic, there was very little 
relation between the cytotoxicity observed and 
the potency of the preparation of streptomycin 
in units per milligram. It should be empha- 
sized that the methods employed in the present 
investigation do not detect histamine activity, 
pyrogens or numerous other pharmacologic 
effects that do not interfere directly with the 
survival and growth of the cells being tested. 
The cytotoxicity of streptomycin is of about 
the same order as that of fairly pure penicillin 
tested by the same method. 13 The relatively 
low toxicity of streptothricin for leukocytes 
and macrophages and the fairly high toxicity 
for fibroblasts demonstrate the advantage of 
observing the effect of the substance being 
tested on more than one type of cell. The 
deleterious effect of streptothricin on fibro- 
blasts is in agreement with the toxicity of 
streptothricin for guinea pigs observed by 
Feldman and Hinshaw. 

Summary. Several different preparations of 
streptomycin were tested on cultures of rab- 
bit’s spleen and were found to have a uniformly 
low toxicity for wandering cells and fibro- 
blasts. Streptothricin had a relatively low 
cytotoxicity for leukocytes and macrophages 
but showed a fairly high cytotoxicity for fibro- 
blasts. 

Beimann, H. A., Elias, IV. F., and Price, 
A. IL, J. J. 21. A., 1945, 128, 1 To. 

is Heilman, Dorothy H., unpublished data. 
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Physiological Observations upon Larval Eustrongylides. IX. Influence of 
Oxygen Lack upon Survival and Glycogen Consumption. 

Theodor von Brand and W. F. Simpson. 
iroiA the Department of Biology, The Catholic University of America , JVashittgton, B.C. 


The larvae of Eustrongylides ignotus are rather rapidly when removed from their nat- 
parasitic nematodes which lead in their natural ural surroundings. Since the tubes containing 
habitat, encysted in Fintdulus heleroclitus, a these worms were tightly closed with rubber 
more or less completely aerobic life. 1 '- In stoppers, it appeared likely that the gaseous 
view of the fact, however, that many parasitic atmosphere had undergone profound changes 
round worms have extremely well developed during the time of incubation. In the later 
anaerobic functions, it appeared of interest to stages of these series it became possible to 
investigate some reactions of this helminth analyze, in a van Slyke manometric apparatus, 
to the lack of oxygen. The influence of the the gas present above the culture fluid after 
latter on the survival of the worms and their the worms had died. The average composi- 
glycogen consumption will be discussed in the tion, in cases of laws having died after 
following sections. .All experiments were con- periods of 36 to 49 months after isolation, was 
ducted under strictly sterile conditions; the 0.95% 0> (extremes 0.3 7 and 1.73%) and 
technic used in isolating worms under aseptic 2.63 % C0 2 (extremes 1.40 and 5.90%). 
conditions has been described previously. 3 These observations indicate that the worms 


Survival Under Lack of Oxygen. It has 
been shown -1 that larval Eustrongylides sur- 
vive more than 30 months in vitro if kept at 
20°C in rubber stoppered tubes containing 
sterile nutrient media. The two series upon 
which this statement was based have now 
come to an end and the results, not heretofore 
published, are summarized in Table I. That 

TABLE i. 

Survival of Larval Eustrongylidcs ignotus at 20°C 
in Sterile Media. Rubber-stoppered test tubes 
(25 x 150 mm) containing each 30 ee medium and 
one worm. Series A: Baeto-BroHi 1.0%, NaCI 
0.85%, glucose 0.5%. Series B: Baeto-Proteose- 
Peptone 1.0%, XaCl 0.85%, glucose 0.5%. 

No. of worms living 
No. of worms after specified month 

at beginning 36 12 18 50 

Series A 14 10 

” B 12 5 3 2 0 


tolerate a rather severe lack of oxygen. 

The corresponding changes in atmosphere 
were more closely followed in another series 
in which the tubes were kept at 3 7°C. Ihe 
same large size tubes were used as in the 
preceding series; the fluid medium consisted 
of 25 cc 1% peptone -f- 0.5% NaCI -f 0.5% 
glucose and each tube contained only one 
worm. At the intervals specified in Fig. 1 
4 worm tubes were used for analyses of the 
enclosed air. Despite the fact that the oxygen 
content diminished rather rapidly, falling 
below 1 % after about 3 months, and that a 
pronounced accumulation of carbon dioxide 
occurred, all the worms were alive when the 
tubes were opened. It should be noted that 
the present data can only be used to show at 
what oxygen and carbon dioxide tensions the 
worms survive. They are insufficient to allow 
reliable calculations concerning the intensity 


some worms survived as much as 4 years 
outside of their host is quite remarkable in 
view oi the fact that most parasitic worms die 


Ivon Brand, T., J. Parasitology, 1938, 34, 445. 

2 von Brand, T., Biol. Bull., 1942, 83, 1. 

3 von Brand, T., and Simpson, W^F., Proc. Soc. 
Exp. Biol, and Med., 1942, 40, 245. 

■Ivon Brand, T„ and Simpson, IV. F., J- Parasit- 


ology, 1944, 30, 121. 


of the gaseous exchange of the worms since 
control experiments showed that some changes 
in the atmosphere occur also in tubes contain- 
ing no larva. These changes are probably due 
in part to the spontaneous oxidation of some 
constituent of the medium, in part to the 
oxidation of substances contained in the 
stopper. 

While the worms are obviously not damaged 
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Pig. 1. 

Oxygen and carbon dioxide in the atmosphere enclosed above the culture fluid in tubes con- 
taining larval Eustrongylides during incubation at 37°C. 


by relatively low oxygen tensions, they do 
asphyxiate under complete lack of oxygen. 
A series of 30 was set up in standard size test 
tubes almost completely filled with Brewer’s 
thioglycollate medium (Infusion from 37.5 g 
meat per 100 cc, 1% thio-peptone, 0.5% NaCl, 
0.5% glucose, 0.2% dipotassium-phosphate, 
0.1% Na-thioglycollate, 0.05% agar, 0.0002% 
methylene blue, initial pH 7.5) which were 
tightly closed with rubber stoppers. That 
anaerobic conditions actually prevailed is indi- 
cated by the fact that the methylene blue 
remained completely reduced throughout the 
course of the experiment. The average sur- 
vival of these worms was 18 days (extremes 
4 and 25 days). It now became necessary to 
ascertain whether the brief survival was actu- 
ally due to the lack of oxygen, or to a toxic 
action of some constituent of the medium. To 
this purpose a new series was established in 
test tubes filled only to about one-third with 
the above medium and these tubes were closed 


with cotton stoppers only. In all 21 tubes 
employed the movements of the individual 
worm was sufficient to mix the contents to 
such an extent that enough oxygen diffused 
from the surface to oxidize the methylene blue 
throughout the entire column within 2 days. 
The average survival of these larvae was 98 
days (extremes 10 and 161 days). The differ- 
ence between the 2 series proves that the 
ingredients of the medium are non-toxic and 
not responsible for the early death of the 
anaerobically kept worms. 

Influence of Anaerobiosis on Glycogen Con- 
sumption. In order to study the influence of 
lack of oxygen on the glycogen consumption of 
the larvffi, glycogen determinations according 
to von Brand’s 3 modification of Pflueger’s 
method were carried out on freshly isolated 
worms and on worms kept for 6 days at 37 C C 


^ von Brand, T., Slandin. Arch. Physiol . , 1930, 
75, 195. 
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in various solutions under aerobic and an- 
aerobic conditions respectively (Table II). 
The test tubes were not closed by a stopper or 
cotton plug, but their sterility was maintained 
by placing over their open end an inverted 
loosely fitting glass vial, thus allowing an easy 
interchange with the surrounding atmosphere. 
Anaerobic conditions were established by 
placing the rack supporting the tubes into a 
desiccator in which the oxygen was absorbed 
by an alkaline solution of pyrogallol (Buch- 
ner’s procedure). The completeness of the 
absorption was ascertained by withdrawing a 
gas sample and analyzing it in a van Slyke 
manometric apparatus. 

The results summarized in Table II show 
that, under aerobic conditions, the glycogen 
consumption was greatest in pure saline, indi- 
cating that the nutritive material contained 
in the other series exerted a glycogen sparing 
action. This confirms earlier observations 
extending over longer periods. 4 Under an- 
aerobic conditions, on the other hand, no such 
difference could be observed. The worms are 
apparently unable to utilize either peptone or 
sugar contained in the medium when oxygen 
is completely lacking. The evidence for this 
assumption is perhaps not quite convincing; 
direct determinations in the medium were not 
carried out, because the evaporation taking 
place under the condition of the experiments 
excludes the possibility of gathering reliable 
data. The glycogen consumption itself under 
anaerobic conditions was about three times 
that found under aerobic conditions, if for 
such comparison only the glycogen disap- 
pearance in a non-nutritive medium is used. 
This, of course, is due to the fact that an 
anaerobic carbohydrate breakdown yields but 
little energy. 

The pH of all the solutions employed de- 
creased during the experiments and this de- 
crease was much more pronounced under an- 
aerobic than aerobic conditions. This is in 
agreement with the previously reported excre- 
tion of acids by anaerobically kept Eustron- 
gylides larva;. 2 

A number of comparable series were carried 
out at 20°C. Despite the fact that they ex- 
tended over 3 weeks each no definite conclu- 
sions could be reached. At this temperature 
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the daily rate of aerobic glycogen consumption 
is very low 4 and consequently the variations 
in glycogen content between various batches 
of worms may falsify any result. It was 
unfortunately not possible to conduct the ex- 
periments over a longer period, because too 
many worms die after 3 weeks anaerobiosis. 

Summary. Some specimens of larval 
Eustrongylides ignotus could be maintained 


for 4 years in vitro. The worms survived for 
long periods in media showing a pronounced 
partial lack of oxygen, but they did not 
tolerate complete absence of oxygen for very- 
long periods. Anaerobically kept worms 
seemed not to feed but they consumed from 
their body reserve about three times as much 
glycogen as worms starving under aerobic con- 
ditions. 
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Effect of Acute A-V Fistula on Circulation Time and Auricular 
Pressure in Dogs. 

E. C. Heringxian, H. A. Davis, and J. D. Rives. 

From the Department of Surgery, Louisiana State University School of Medicine. 


The physiological effects of A-V fistula 
have long been the subject of extensive ex- 
perimental investigation. Added impetus has 
been given to this work by successive wars. 
The existence of such effects as the 
Nicoladoni-Branham phenomenon, increased 
pulse pressure, decreased diastolic pressure, 
and the relationship of these changes to the 
size and location of the fistula, have been 
definitely established. On the other hand, 
another group of physiological effects or the 
explanation thereof, such as increased cardiac 
output, 1 - 2 - 3 increased blood volume, and 
increased pressure in the large veins proximal 
to the fistula, 4 - 5 have been matters of consid- 
erable controversy. Finally there are some 
effects which have been studied incompletely 
or not at all. The present investigation was 
undertaken to determine the effect of A-V 
fistula, first, on femoral and jugular circula- 
tion times and the relationship between the 
two, and second, on auricular pressures. 

Method. Thirty observations were made 

1 Leu is, T., and Drury, A. X., Heart, 192.1, 10. 
301. 

3 Ellis and Weiss, S., .Ini. Heart 1929-1930, 5. 

;1 Grollman, A., Cardiac Output, Hopkins, 1932. 

I Holman, 12., Arterio-venous Aneurysm, Mac- 
millan Company, 1937. 

3 Reid, XI. R.. and XIcGuiie, J., .In mils Surg., 
193S, 108, 043. 


on 5 dogs. The animals were anesthetized 
with nembutal intravenously, 1 grain per S lb 
of body weight. The right femoral artery and 
vein, and right jugular vein were exposed 
under rigid aseptic conditions. Right femoral 
arterio-venous fistulae were made in the manner 
described by Holman. 4 Femoral and jugular 
circulation times, using the cyanide method 
described by Robb and Weiss, 0 were deter- 
mined before and after the fistula was made. 
All injections into the femoral vein were made 
at a point just proximal to the site of the 
fistulous opening into the vein. The injec- 
tions into the jugular vein were made at a 
point midway between the lower edge of 
thyroid cartilage and sternum. Next, auricu- 
lar pressures were determined with the fistula 
open and closed. A No. 10 French catheter, 
with tip cut off, was introduced into the right 
auricle by way of the right jugular vein 
according to the method of Richards ct aid 
Heparin was added to the saline in the catheter 
to prevent clotting. In one dog (No. 5) 
auricular pressures were not studied until 5 
months after the fistula was made. All read- 
ings were made in duplicate and mean read- 
ings were determined. 


n Robb and Weiss, S., Am. Heart J., 1932-1933. S. 
t Richards, Cournand, Darling, Gillespie, and 
Baldwin, Am. J. Physiol., 1942, ISO, 113. 
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TABLE I. 



Femoral circulation times 



Jugular circulation times 



Before fistula 
. - • ■ — < — ■> 

After fistula 

Diff. 

+ Or — 

P ■ — — — — ■ - — w.— 

Before fistula After fistula 

> 

Dog No. 

■Readings 

Afeau 

* A 

Headings Mean 

* A / \ 

Headings Mean Headings Mean 

Diff. 

4- or— 

5 

9.8 

0.0 

9.4 

0.5 0.7 

0.9 

—2.7 

0.2 

0.2 

0.2 8.8 

S.O 

3.5 

+2.3 

17 

8.0 

7.8 

7.9 

0.0 0.5 

6.8 

—1.4 

0.4 

(i»5 

8.7 

6.5 7.5 

7.5 

+1.0 


8.0 


0.0 



i »*) 



18 

SA 

8.2 

5.0 5.0 

—2.7 

7.3 

7.3 7.2 

7.1 

.1 


8.0 


5.0 


7.7 

7.0 


19 

7.5 

7.5 

5.2 4.7 

— 2.S 

7.0 

0.4 

0.0 5.1 

5.2 

— .8 


7.5 


4.5 


5.8 

5.3 






4.5 


5.S 



20 

9,8 

9.9 

7.0 7.0 

— 2.9 

9.8 

8.0 7.9 

• S.O 

±0 


10.0 


6.9 


8.2 

8.1 


Menu 

Standard 

8.52 


0.0 


6.9 

7.3 



deviation ±0.820 
“t” 0.3 


±0.777 


±1.207 

0.81 

±1.338 



P. 

<0.01 




>0.4 




Significant difference 



No significant difference. 




Results. Studies of the femoral circulation 
times showed that a statistically significant 
speed-up of circulation occurred when a 
femoral arterio-venous fistula was produced 
in the vascular tree. The mean reduction in 
femoral circulation time in the 5 dogs was 2.64 
seconds or 30.9%. On the other hand, jugular 
circulation times gave varying results. A-V 
fistula in 2 dogs caused a mean increase of 
the jugular circulation time amounting to 1.63 
seconds. In 2 dogs it caused an insignificant 
decrease of the jugular circulation time, and 
in one dog no change was observed. (Table I.) 

In the S dogs there was a rise in auricular 


TABLE II. 

Mean Auricular Pressure — Cits }l.,0 in Experi- 
mental A-V Fistula;. 

Dog No. Fistula closed Fistula open Difference 


17 

18 
IS) 

20 

Mean 
Standard 
deviation 
“ t.” 

I 1 ’ 


4.7 

3.5 
0.2 

3.7 

4.5 

-1.0G 

3.2 

<0.05 


8.8 

0.4 

9.3 

0.4 

7.7 

±1.33 


+4.1 

+2.0 

+3.1 

+2.7 


Difference is significant. 


pressure when the fistula was open. The 
mean increase in pressure amounted to 3.2 cm 
of H 2 0, or a rise of 71.1%. (Table II.) 

The measurements of auricular pressures 
obtained in Dog No. 5 were not included, 
because no control readings were obtained 
when the fistula was first made. The rise in 
pressures in the 4 dogs with acute fistula was 
statistically significant. 

Discussion. The results indicate that the 
introduction of a femoral A-V fistula into the 
circulation will cause the following two impor- 
tant changes: first, speed-up of circulation in 
the fistula circuit, and second, an increase in 
auricular pressure. These two observations 
together suggest that a greater volume of 
blood is being brought to the right auricle 
during a given period of time. Therefore, if 
the heart is not failing, it must put out more 
blood in the same given period of time. This 
provides indirect evidence that an A-V fistula 
causes an increase in cardiac output. 

On the other hand, statistical analysis 
demonstrated that the circulation time in the 
jugular circuit showed no significant change. 

It is known that the jugular circulation time 
is practically a measurement of the rate of 
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flow through the pulmonary circulation to the 
carotid sinus. Since the jugular circulation 
time did not change significantly, it is obvious 
that the increase in rate of blood flow occurred 
primarily in the segment of the fistula circuit 
extending from the fistula to the heart. 


The significant increase in auricular pres- 
sure caused by an A-V fistula seems to sub- 
stantiate the work of Holman, who maintained 
that there was an increase of pressure in the 
proximal venous portion of a fistula circuit. 
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Value of Sunflower Seed Protein. 

C. R. Grau and H. J. Almquist. 

From the Division of Poultry Husbandry, University of California, Berkeley, and the F. E. 
Booth Co., Inc., Laboratories, Emeryville, Calif. 


From statements of a recent report, the 
nutritive value of sunflower seed meal would 
appear to depend more on its content of 
B-complex vitamins than of protein, even 
though 53% of the product studied was pro- 
tein. 1 In a study of the biological value of 
the protein of sunflower seed meal by the 
nitrogen balance method, it was concluded 
that this protein is inferior to that of soybean 
meal, and is “in the same class as the better 
cereals oats, wheat, and barley.” 2 These 
reports indicate that sunflower seed meal is 
of only mediocre value as a source of protein. 
On the other hand, the amino acid analysis 
of sunflower seed meal compares very favor- 
ably with analyses of beef muscle and other 
tissue proteins of high value. 3 ' 4 On the basis 
of known chick requirements, 5 the meal should 
be adequate as a sole source of protein with 
the possible exception of a slight deficiency of 
lysine. The obvious disagreement between 
the biological and analytical data led us to 
conduct further tests with the chick. 


1 Day, A. G., and Levin, E., Science, 1945, 101, 
138. 

2 Mitcliell, H. H., Hamilton, T. S., and Beadles, 
J. It., J. Nutrit., 1945, 29, 13. 

3 Block, It. J., and Bolling, D., Arch. Biochem., 
1945, 0, 227. Also earlier private communications 
from B. J. Block. 

4 Grau, C. B., and Almquist, H. J., Arch. Bio- 
client., 1945, C, 2S7. 

5 Almquist, H. J., Trans. Am. Assn. Cereal 
Chemists, 1945, 3, 158. 


Two-week-old White Leghorn chicks were 
segregated into groups on the bases of weight 
and gain during the second week after hatch- 
ing, and were given the experimental diets, 
which were (except for the protein sources) 
identical with those previously used. 0,7,8 All 
the protein (20% of the diet) was supplied 
by a South American sample of sunflower seed 
meal which contained 46.7% protein (N X 
6.25) or by a laboratory-prepared meal which 
contained 39.9% protein. Supplemented 
casein and deboned sardine meal served as 
positive controls in these experiments. 

The data on sunflower seed meal presented 
here (Table I) indicate quite clearly that the 
value of this product for chick growth and 
efficiency of feed utilization is very high. It 
compares favorably with other recognized 
complete sources of amino acids for the chick. 
In fact, the protein of sunflower seed meal is 
the most complete vegetable protein for chick 
growth that we have studied. This result is 
in agreement with the amino acid analyses of 
the protein 3,4 and the known chick require- 
ments. 5 It is apparent that even lysine is 
present in adequate amount, although lysine 
is deficient in many cereal and oilseed meal 
proteins. 

o Grau, C. B., and Almquist, H. J., Pl:oc. Soc. 
Exp. Biol, and Med., 1944, 57, 1S7. 

< Almquist, H. J., and Grau, C. E., Poultry Sci., 
1944, 23, 342. 

8 Grau, C. B., and Almquist, H. J., Poultry Sci., 
1944, 23, 486. 
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1 -Thermostable” Thromboplastin from Human Placenta 

TABLE I.' 


Comparative Gains on Chicks .on] Diets Containing the Equivalent of 20% Crude Protein E 
bunfloncr Se ed Meal, Sardine -Meal, or Casein Plus Certain Amino Adds. 


Exclusively from 


Uxp. 

No. 

Amino aciil souree 

Chicks pc r 
group, 
No. 

Duration of 
exp., days 

Avg total 
gain, 
g 

Bate of 

gain Gain per g 

per day, feed consumed, 
% g 

i 

Sunflower seed meal, com'l. 


XI 





Sardine meal’' 



67 

0.0 

5.7 


*> 

Same 

6 

12 

121 

5.7 

0.3G 





112 

5.4 

0.34 

o 

Sunflower seed meal, com’l. 

10 

21 

147 

4.8 

0.3S 


Casein, arginine, cystine, glycine 



147 

4.8 

0.39 

4 

Sunflower seed mealt 

10 

9 

7 G 

(5.5 

0.42 


Sunflower seed meal,t lysine 



80 


0.43 


Casein, arginine, cystine, glycine 



57 

5,5 

0.43 


- < — • -v ictraeldoride; it contained 85.0% protein (N X 6.23). 

maniple prepared in the laboratory from sunflower seed. 


The amino acids which are required by the 
chick for optimal growth are greater in number 
and equal to or greater in quantity than those 
required by the rat. 5 The disagreement be- 
tween the rat biological data and the amino 
acid and chick biological data may be due to 


the use of poor quality samples in the rat 
tests. 

Summary. The protein of sunflower seed 
is a complete single source of amino acids for 
the growth of the young chick, when fed to 
provide 20% protein in the diet. 
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“Thermostable” Thromboplastin from Human Placenta and Chicken Brain.* 


Bernhard Zondek and Michael Finkelstein.* 

From the Hormone Sescarch Laboratory, Hebrew University, Jerusalem, Palestine. 


In the course of a study of the hormones of 
lacenta we observed that extracts of this 
fgan exhibit a strong blood-coagulating 
ction. 1 The active substance resembled 
[tromboplastin, the factor which by convert- 
\<r prothrombin into thrombin activates the 
-action fibrinogen ->~ fibrin and thus promotes 
ire coagulation of blood. It could be shown 
hat this active agent is relatively thermo- 

^Heat stable thromboplastin from placenta 
5 of special therapeutic interest, since its use 
akes it possible to avoid the side-effects 
Wch attend the local or parenteral adminis- 
aSn of thromboplastin from heterogenic 
ource 2 ’® Since thromboplastin of birds is less 


active on mammal blood than is mammal 
thromboplastin and vice versa, it seems prob- 
able that the two are different. A comparison 
between these two thromboplastins was there- 
fore carried out. 

The properties of thromboplastin have been 
studied in the last few years by various labora- 
tories. A very extensive research has been 


* Generously aided by a grant from the Rocke- 
feller Foundation. 

1 Finkelstein, M., Nature, 1045, 155, 202. 

2 Eley, E. C., Green, A. A., and McKhann, C. F., 
J. Pediat., 1036, 8, 135. 

3 Edsall, Y. T., Ferry, B. M., and Armstrong, 
S. H., J. Clin. Invest., 1944, 23, 557. 
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undertaken by Chargaff et al These authors 
isolated substances of a thromboplastic nature 
from animal tissues by a variety of methods. 
Using water as extracting medium and puri- 
fication of the extract by differential centrifu- 
gation procedures they obtained thrombo- 
plastic preparations described as “high molecu- 
lar lipoprotein.” By means of organic solvents 
thromboplastic preparations belonging to the 
phosphatide group were separated. Both 
preparations proved relatively thermostable.*’ 10 ' 

Experimental. Preparation of Thrombo- 
plastin from Placenta. Placenta was per- 
fused with tap-water and then minced with 
sand. 20 g of the mince was extracted with 
20 cc cold distilled water. The suspension 
was centrifuged. The supernatant fluid was 
sucked through a Seitz filter, and the filter 
pad was then washed with distilled water until 
the wash-water became colorless. The filter 
pad was broken up under cold distilled water 
and the suspension was filtered through filter 
paper. The resulting almost colorless, opal- 
escent filtrate contained the thromboplastin 
used in the present study. It contained 1.4 
mg dry matter per cc and exhibited a protein 
reaction with sulfo-salicylic acid. 

Preparation of Thromboplastin from 
Chicken Brain. Twenty g of chicken brain 
was freed from grossly visible blood vessels 
and minced in a mortar with sand in 20 cc of 
water. The mash was pressed through gauze. 
After centrifugation the supernatant was 
diluted with equal parts of distilled cold water 
and was centrifuged again. The upper layer 
was removed with a pipette and filtered 
through a Seitz filter. Subsequent steps were 
as described for the preparation of thrombo- 
plastin from placenta. The resulting solution 
contained 1 mg dry matter per cc. 

The thromboplastic activity of the prepara- 
tion from placenta was tested on oxalated 

1 Chargaff, B., Hoove, G. H., and Bendieli, A., 

J. Biol. Client., 1942, 145, 593. 

•'> Chargaff, E., J. Biol. Chew., 1944, 153, 387. 

« Chargaff, E., Bendieli, A., and Cohen, S., 

J. Biol. Client., 1944, 150, 101. 

7 Cohen, S., and Chargaff, E., J. Biol. Client., 

1940. 180, 243. 

8 Cohen, S., and Chargaff, E., J. Biol. Client., 

1941, 140, G89. 


human plasma, and the preparation from 
chicken brain was tested on nativet chicken 
or rooster plasma. (The thromboplastin from 
chicken brain shows very little activity when 
tested on human oxalated plasma, and high 
activity when tested on chicken plasma; 
thromboplastin from human sources exhibits 
the reverse behavior.) 

The “coagulation time” of oxalated human 
plasma was tested by the addition of 0.1 cc 
thromboplastin to 0.1 cc plasma. After 5 
minutes of incubation at 37°C 0.1 cc 0.02 AI 
calcium chloride was added and the tube was 
shaken vigorously. The time of clot forma- 
tion was recorded with a stop watch. 

For the determination of the “coagulation 
time” of chicken plasma 0.1 cc of chicken 
plasma was transferred to a small clean tube 
kept in a water bath at 37°C. After 5 min- 
utes of incubation 0.05 cc of thromboplastin 
was added with a micropipette and the tube 
was shaken vigorously. The time from the 
addition of the thromboplastin until clot 
formation was noted with a stop watch. Every 
experiment was performed at least 3 times. 
Only plasma specimens whose coagulation 
times without thromboplastin were not less, 
than 2 hours were used. 

Results. As we have reported in a pre- 
liminary paper 1 * * * * * * 8 the purified aqueous placenta 
extract with strong thromboplastic activity is 
not markedly affected by heating for 5 minutes 
in a boiling water bath. This holds true, how- 
ever, only in tests carried out with fresh 
oxalated human plasma. When the experi- 
ment is performed with plasma stored for 
some days in a refrigerator, the coagulation 
time in the presence of heated thromboplastin 
is greately increased in comparison to that 
found with an unheated preparation (Table I). 

The thromboplastic preparation from 
chicken brain is thermostable in the sense that 
it withstands heating in a boiling water bath 
for 5 minutes, but it differs from thrombo- 
plastin from placenta in some other respects. 
Preparations of thromboplastin from placenta 


t Chicken or rooster plasma may be kept liquid 
without addition of a decalcifying agent if drawn 
carefully and stored in a clean container in a 
refrigerator. 
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table I. 


kftcet of Heated aiul Unheated Thromboplastin on 
Coagulation Time of Fresh and Stored Plasma. 


Coagulation time in see. 

Age of plasma 

Unlieated 

■> 

Heated 

in days 

thromboplastin 

thromboplastin 

0 

12 

12 

0 

13 

13 

0 

15 

18 


IS 

23 

3 

21 

2S 

7 

42 

185 

28 

70 > 10 min. 


lation time as determined on a boiled prepara- 
tion of thromboplastin from placenta. 

Discussion. This paper shows that the ’ 
“coagulation time” of stored oxalated plasma is 
greater in the presence of heated thrombo- 
plastin than in the presence of unheated 
thromboplastin. On the other hand, the 
“coagulation time” of fresh oxalated recalcified 
plasma or stored “native plasma” (chicken 
plasma) is the same for heated and unheated 
thromboplastin. 


were affected very slightly or not at all by 
heating. The activity of the heated prepara- 
tion remained constant when the preparation 
was kept in a refrigerator. The chicken brain 
preparations, on the other hand, were affected 
much more strongly by heating. The coagula- 
tion time of heated brain preparation was in 
some cases about twice that of the unboiled 
preparation. If, however, a heated preparation 
was kept in the cold for some days and then 
tested, its original thromboplastic power was 
found to be completely restored (Table II). 


TABLE II. 

Reactivation of Heated Thromboplastin from 
Chicken Brain Kept at 4-G°C. 


Time between 
heating of 
thromboplastin 
and test 
performed 

Coagulation time in see. 

Unheated 

thromboplastin 

Heated 

thromboplastin 

Immediately 

28 

52 

1 day 

28 

30 

7 days 

26 

28 


Enzyme chemistry knows similar cases. If, 
for example, trypsin is inactivated by heating 
for a short time, reactivation of the enzyme on 
cooling is complete. 9 

Native chicken or rooster plasma shows no 
prolongation of coagulation time after storage 
in a refrigerator for a considerable period of 
time (1 month) when tested with boiled and 
reactivated or unboiled chicken brain thrombo- 
plastin (Table HI). On the other hand, 
oxalated human plasma, as stated previously, 
shows when stored a prol ongation of its coagu - 

1913, 


TABLE III. 

Effect of Heated and Unheated Thromboplastin 
from Chicken Brain on Stored Chicken Plasma. 


Age of plasma, 
days 

Coagulation time in sec. 

r 

Unheated 

thromboplastin 

Heated 

thromboplastin 

0 

30 

31 

1 

29 

31 

3 

31 

30 

30 

29 

32 


9 Sizer, I. W ., 
Vol. Ill, 35-60. 


Advances in Ensymology, 


An explanation of this phenomenon is sug- 
gested by the findings of Quick. 10 Quick 
believes that prothrombin is composed of two 
components A and B, which are bound by 
calcium and thus protected. In decalcified 
(oxalated) plasma the component A undergoes 
destruction and gradually disappears from the 
plasma. “Native” plasma, however does not 
change in its prothrombin content on storage 
as it is protected by calcium. 

In view of these and our own findings, we 
assume that thromboplastin too is composed 
of two components, I and II. One of these is 
thermostable (I) and withstands heating for 
5 minutes, while the other (II) undergoes 
destruction. The thermostable component (I) 
acts on plasma in which the prothrombin 
complex (parts A and B) is still intact, e.g., 
on fresh oxalated plasma or on “native” 
plasma (chicken plasma), but does not act 
on plasma in which the component A of pro- 
thrombin is destroyed (stored oxalated 
plasma). The two components (I and II) 
of thromboplastin together, i.e., in an un- 
heated thromboplastic preparation, exhibit 
activity towards stored oxalated plasma. In 


10 Quick, A. J., Am. J. Physiol., 1913, 140, 212. 
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other words, they activate the component B of 
prothrombin. 

It may be concluded, therefore, that the 
thermostable part of thromboplastin (I) is 
responsible for the activation of component A 
of prothrombin. The component B may be 
activated either by the two parts of thrombo- 
plastin together, or by the thermolabile one 
alone, but the mechanism of activation of 
component B has not yet been ascertained. 

The observation of certain workers that 
thromboplastin is definitely destroyed by 
heat may be explained by the fact that the 
behavior towards heat depends on the method 
of the preparation. It seems possible that 
inactivation is due to presence together with 
the thromboplastic factor of proteins which 
by denaturation eliminate the active agent. 

Since our thromboplastin preparation is 
thermostable in respect of its ability to coagu- 
late fresh plasma or blood, it is particularly 
well suited for diagnostic and therapeutic use. 
It has been used by us for the following pur- 
poses: (1) To determine prothrombin time. 
The aqueous solutions are set up in ampoules 
for use as necessary; (2) To obtain local 
stoppage of blood flow; (3) To fix skin trans- 
plants. The titrated plasma is placed over 
the wound together with thromboplastin and 
calcium and the clot which forms within a 
few seconds serves as an adhesive for the skin 
graft (Sano 11 ). The advantages of our prep- 
aration are its availability in an ampoule, and 
the fact that it contains human protein. (The 
undesirable possible by-effects of the use of 
non-human protein are thus eliminated.) Our 
clinical experience of this technic will be dis- 
cussed jointly with Prof. Mandl elsewhere. 

u Sano, .M. E., Jm. J. Surg., 1943, 61, 105. 


(4) For injection into man. Since the prep- 
aration contains homologous protein undesir- 
able reactions are avoided. Experiments on 
this aspect are under way. 

A sterile and thermostable thromboplastin 
from chicken tissue may prove useful in 
plasma culture. The preparation from 
chicken brain elicits coagulation of chicken 
plasma within a few seconds. The thrombo- 
plastin can be heated and in this way accom- 
panying growth-promoting substances can be 
destroyed. The coagulation of plasma in 
tissue cultures is usually induced by the 
addition of fresh chicken embryo extract 
which may contain growth-promoting sub- 
stances to the culture medium. Research on 
the effect of growth-promoting substances in 
tissue cultures has been complicated by this 
circumstance. 

Summary. A method of preparation of 
thermostable thromboplastin from human 
placenta and of thermolabile but reactivable 
thromboplastin from chicken brain is de- 
scribed. The properties and differences of 
these preparations are discussed. Human pla- 
centa thromboplastin is not inactivated by 
heating at 98°C for 5 minutes. Chicken brain 
thromboplastin is inactivated by the heat 
treatment but is subsequently reactivated 
when it 'is stored at 4-6 °C. The different 
activities of heated and unheated placenta and 
chicken brain thromboplastin on stored oxa- 
lated human plasma and native chicken 
plasma are explained by the assumption that 
thromboplastin is composed of two factors, 
one of them thermostable and the second 
thermolabile. Clinical, surgical, and research 
applications of thermostable preparations of 
thromboplastin are discussed. 
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An Improved Cage for Nitrogen Studies with Mice. 

M. L. MacLachlan and L. A. Munro. (Introduced by R. G. Sinclair.) 
From the Hendry-Conncll Research Foundation, Kingston, Ontario. 


During a study of nitrogen balance in mice 
on different diets, it was found that the experi- 
mental arrangements described in the litera- 
ture for similar experiments were not entirely 
satisfactory. In such studies the total nitro- 
gen ingested and excreted must be determined. 
Spillage of food, fouling of the food in the 
container, loss of nitrogen from excreta via 
ammonia and poor ventilation are some of the 
factors contributing to error in such deter- 
minations. 

The cage described by Bittner 1 is not suit- 


able for this investigation, particularly with 
the diets used in our experiments. 

In our first experiments, beaker cages sim- 
ilar in principle to the glass containers de- 
scribed by White- were used. The feeding 
dishes were equipped with screw lids having a 
small orifice and were held in position by 
metal collars attached to the floor. In spite 

i Bittner, J. J., Chapter 13, Biology of the lab- 
oratory Mouse, G. 0. Snell, editor, Blakiston Com- 
pany. 

- White, I' 1 . I?., Cancer Research, 1945, 3, 265. 




Big. 1. 

V Exterior aspect of feeding cage. 

B Cross-section showing glass collecting tray. 
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of these precautions food spillage invariably 
occurred. Where nitrogen intake is deter- 
mined from the weight of food eaten or where 
the caloric intake is being followed, spillage 
may be a large source of error. It was found 
that the individual cages used by White or 
by ourselves gave incomplete separation of 
the urine and feces. Difficulty was also expe- 
rienced in cleaning the fine screens. Poor 
ventilation is evident when the feces are not 
removed daily. Loss in ammonia, however, 
was reduced by putting 25% sulphuric acid 
in the bottom of the mouse jar. It was 
observed that mice kept in individual cages 
ate less and did not maintain their weight as 
well as mice kept together in larger cages. 
Similar observations have been made by 
Brunschwig et al? 

To overcome the objections inherent in these 
methods of management of the mice, the 
metabolism chamber shown in Fig. 1 was 
devised. It was designed to accommodate 10 
mice. It consists of a metal cage 12" x 10"' x 
5" with a single floor of No. 3 gauge screen, 
2 inches from the bottom. This fits over a 
glass tray. Five feeding holes, %" in diam- 
eter, are in each of 2 opposite walls. These 
holes are opposite recesses in a 1-inch board 
which forms part of an outer frame into which 
the metal cage fits, but which is offset 


3 Brunschwig, A., and Rasmasseu, K. A., Cancer 
Research, 1941, 1, 371. 


from the metal wall. The recesses, J4" in 
diameter, are depressed at an angle of 20° 
and are receptacles for the glass food cups. 
A wooden gate acts as the back-stop and 
enables the food cups to be inserted one at a 
time. The glass food cups are cut to fit the 
oblique hole so that there is a space of 3/16" 
between the edge of the cup and the wall. 
Inside and touching the wall below each set 
of feeding holes is a movable metal tray kept 
in a position by 2 metal projections into the 
screen floor. A sliding screen cover furnishes 
adequate ventilation. Water bottles are 
inserted through the screen mesh. The whole 
assembly sits on a sheet of clean paper. 

This experimental set-up solves the problem 
of spillage and fouling of the food. The 
mouse can reach the bottom of the feed cup 
but does not pull food into the cage. Any 
food pulled out of the cup drops between the 
metal wall and the wooden frame to the clean 
paper. Occasionally some food may stick to 
the head of the animal and subsequently be 
dislodged when the mouse again pokes its 
head into the feed hole. This material drops 
to the metal tray, and is recovered. Spillage 
was reduced to a minimum when the diet had 
the consistence of toothpaste. 

Summary. A cage for the proper manage- 
ment of mice during nitrogen balance studies 
is described. The arrangement eliminates 
spillage of food, fouling by excreta, loss of 
ammonia, and other sources of error. 
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Autoantibodies in Rheumatic Fever.* 

Philip A. Cavelti. (Introduced by K. F. Meyer.) 

I* row the George Williams Hooper Foundation for Medical Research and the Division of 
Medicine of the University of California Medical School, San Francisco, California. 


As reported previously 1 ' 2 ’ 3 autoantibodies 
to kidney can be produced by immunization 
of animals with mixtures of group A strepto- 
cocci and kidney of the same species. The 
streptococci thereby confer antigenicity on 
renal material which, as such, is nonantigenic 
in the homologous species. The autoanti- 
bodies to kidney thus formed react specific- 


ally with plain normal homologous kidney as 
demonstrated in vitro by the collodion par- 

* This investigation was aided by grants from 
the Commonwealth Fund. 

I Cavelti, Philip A., and Cavelti, Else S., Arch. 
Path., 1945, 39, 14S. 

~ Idem., Arch. Path., 1945, 40, 158. 

3 Idem., Arch. Path., 1945, 40, 163. 
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tide, technic. Their in vivo effect is the pro- 
duction of glomerulonephritis by means of 
their reaction with the immunized animal’s 
own kidney. 

It is thus conceivable that human glomerulo- 
nephritis also might be due to the pathogenic 
action of specific nephrotoxic autoantibodies 
produced as a response to an antigen result- 
ing from a combination of streptococcal and 
renal material during the streptococcal infec- 
tion, which commonly precedes glomerulo- 
nephritis by about 2 weeks. 

Investigations as to whether substances 
from other homologous tissues, besides kidney, 
also might be rendered antigenic by combina- 
tion with streptococci, and as to the lesions 
resulting from such autoantibodies, are under 
way and will be reported later; however, it 
can be stated that autoantibodies to heart, 
skeletal muscle, and connective tissue can 
be produced in this manner. 

These results together with the fact that, 
similar to glomerulonephritis, rheumatic fever 
also is preceded by a streptococcal infection, 
suggest the possibility that autoantibodies to 
certain tissues might play a role in this dis- 
ease. 

Attempts were undertaken to demonstrate 
in the serum of patients with acute rheumatic 
fever, autoantibodies to human heart, the 
organ most regularly affected by this disease. 

The purpose of this paper is to present a short 
report on the results obtained so far in this 
phase of the studies. 

Material and Methods. The antigens em- 
ployed were saline extracts of human heart. 
Control serums were obtained (a) from normal 
persons and (b) from blood samples taken 
for routine laboratory tests from patients of 
the University of California Hospital in San 
Francisco. These controls therefore represent 
a diverse and unselected group of patients. 

The sera of patients with acute rheumatic 
fever were obtained from various local sources. 

As serologic method the collodion particle 
technic 1 was employed. Appropriate constant 
amounts of collodion particles sensitized with 
extract of human heart were added to a series 
of tubes containing progressive dilutions of 


i Cavelti, PJiiJip A., Immunol., 1944, 49, 365. 


the serum to be tested. After an incubation 
of one hour at room temperature, the tubes 
were centrifuged for 3 minutes at 1,400 revo- 
lutions per minute. The results were read 
while the tubes were carefully shaken. Agglu- 
tination was recorded from plus-minus to 
4-plus. In tubes in which no agglutination 
had occurred, the collodion particles could 
readily be resuspended smoothly, so that no 
particles could be seen by the naked eye. 

Results. Antibodies to human heart were 
demonstrated in the majority of the samples 
tested from patients with; active rheumatic 
fever. The titers, in terms of serum dilutions, 
varied between about 1:40 and 1:320. The 
serums of 36 patients have been tested so far. 
Strong positive reactions (2-plus or stronger) 
were recorded in 20 of these patients; weak, 
but definitely positive tests were obtained in 
7 cases, and the remaining 9 patients showed 
doubtful or negative reactions. 

From many cases repeated samples of serum 
were obtained at intervals of 2 to 5 weeks. 
Thus the total number of serums taken from 
patients with rheumatic fever tested so far 
is 67; of these, 47 gave definitely positive 
reactions. 

The most satisfactory antigen was obtained 
from the heart of a case of postoperative pul- 
monary embolism. Extracts from 3 other 
human hearts, however, also gave positive 
reactions with serum of rheumatic patients. 

Controls, (a) The serums of 12 normal 
persons all gave completely negative results; 

(b) of serums from 84 patients with various 
diseases, one (a case of chronic myeloid leuke- 
mia) was weakly positive and three others 
gave a doubtful reaction; the remaining 80 
failed to give any serologic reaction with 
human heart. 

Comment. From the results obtained so 
far it appears that, in general, these auto- 
antibodies to heart are present during the 
early and most active stages of the disease and 
disappear when the rheumatic process be- 
comes inactive. Thus most, if not all, of the 
cases which gave negative serologic tests 
seemed to be well on the way to recovery. On 
the other hand, a few cases have been observed 
which gave particularly strong serologic reac- 
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tions with human heart and in which the 
reaction persisted, although quantitatively 
decreasing, up to a time when the rheumatic 
process seemed to have become inactive clin- 
ically. 

Studies on a larger scale on the various 
aspects of the serologic phenomenon described 


are under way and will be reported upon 
completion. 

Summary. From the results reported it 
would seem that the presence of autoantibodies 
to human heart has been demonstrated in 15fo 
of a group of patients with acute rheumatic 
fever. 
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Recuperation from the Effects of Tenotomy on Neuromuscular 

T ransmission.* 

P. Thomsen and J. V. Luco. 

From the Department of Pharmacology and Biological Chemistry, Catholic University of Chile. 


Thomsen, Altamirano, and Luco 1 demon- 
strated the following changes, related to trans- 
mission in muscles 3 to 15 days after transec- 
tion of their tendons: (a) greater development 
of tension in the third stages of muscular con- 
traction relative to the first (see Rosenblueth 
and Cannon 2 ) ; (b) diminished or abolished 
post-tetanic potentiation; (c) decreased sensi- 
tivity to curare; (d) more intense post-tetanic 
decurarization. We believed it would be of 
interest to study neural transmission in 
muscles which had undergone tenotomy but 
which had spontaneously re-established con- 
tinuity of the tendon. 

Method. The experiments were conducted 
on thesoleus muscle of the cat 1.5 to 4 months 
after section of the Achilles tendon. In each 
study the responses of the operated muscle 
were inscribed on a drum, the homologous 
muscle of the opposite extremity being used 
as a control. Each tibia was fixed with clamps 
and the tendon attached to the short arm of a 
lever which exerted traction on elastic bands. 
The popliteal nerve was stimulated. Curare 
Merck was administered intravenously. 

Results. The findings can be grouped into 
3 separate categories: In the first, in which 3 
cats were studied, 4, 4, and 3 months after 
tenotomy, the walk was the same as in recently 

* Aided by the Ella Sachs Plotz Foundation. 

1 Thomsen, P., Altamirano, II., y Luco, J. V., 
Mcdieina (Buenos Aires), 1942, 3, 67. 

2 Rosenblueth, A., and Cannon, TY. B., Am. J. 
Physiol, 1940, 130, 205. 


tenotomized cats, re-establishment of the 
tendon not having occurred. In these the 
muscular atrophy was marked and the devel- 
opment of tension so slight that detailed 
studies were not carried out. In the second 
series 3 cats 4, 1.5, and 1.5 months after 
tenotomy were studied. In all of them the 
walk was improved and the tendon showed a 
greater degree of re-establishment than in the 
first group. Response to the stimulation of 
the nerve with high frequencies (250-500 per 
second) was equal to that of normal muscle: 
however, the graph was more like that of a 
recently tenotomized subject in responses to 
lower frequencies, in post-tetanic potentiation, 
and in sensitivity to curare. In the third 
series in which 4 cats of 4, 3, 3, and 1.5 
months after tenotomy were studied, the walk 
was normalized and the tendon has practically 
re-established its former status. The responses 
to all frequencies of stimulation were within 
normal expectations. Post-tetanic potentia- 
tion was present in only 2 of the 3 cases 
studied. The sensitivity to curare had not 
only returned fully, but was actually in excess 
of normal. The tension developed by the 
muscle with re-established tendon is only one- 
half to one-third that of normal muscle. 

Discussion. The observations made in this 
study reveal that it is possible to obtain a 
restoration of the normal function of neuro- 
muscular transmission altered by transection 
of the tendon. This restoration does not occur 
in an abrupt form; that is, the various changes 
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It has been shown by Anderson c-' t 

physostigmine constricts the pupil i n ' f 
cats but fails to do so after the ciliary ganglion 
has been removed and time permitted for 
egeneration of the post-ganglionic fibers 
Similar studies have never been reported for 
neostigmine (prostigmin). I n view of the 
inferences known to exist between phvsostw- 
mme and neostigmine (the latter being much 
more effective in relieving muscle weakness in 
myasthenia gravis) it is possible that neostig- 
mine may have a direct action upon muscle 
m addition to its known anticholinesterase 
action. We decided to test this hypothesis so 
tar as iris muscle is concerned. 

Methods. Cats were anesthetized with 
sodium pentobarbital intravenously or intra- 
peritoneally. The hair was shaved from the 
region of the left eye, the lids were sutured 
together and a skin incision was then made 
below and lateral to the orbit. A portion of 
the zygoma and lateral wall of the orbit was 
removed. The conjunctiva and Tenon’s cap- 


1 Anderson, H. K., J. Physiol., 1905, 33, 1 36. 

2 Anderson, H. K., ./. Physiol., 1905, 33, 414. 


sale of the globe were opened and the external 
ir' , US , mUS e identified - The latter was re- 
pvt, 6 a Up ' vard and 1116 ciliary ganglion was 
• p se . If difficulty was encountered, the 
inlerl ' or oblique muscle was 
... hack to its branch which leads to the 
isry ganglion. The ganglion was grasped 
y a ne hemostat, all its branches were 
ere , and the ganglion was removed. The 
woun was then flushed with penicillin solu- 
tion and the incision was sutured. Since the 
operation abolished corneal sensitivity and 
secretion at least temporarily, the chief post- 
p^ra ve complication was desiccation and 
u ceration of the cornea; a number of cats 
Pad to be discarded for this reason. 

n some cats the left superior cervical 
ganglion was also removed. This ganglion was 
distinguished from the vagus ganglion at the 
ve o the carotid bifurcation and the former 
was extirpated completely. 

Criteria of a successful ciliary ganglionec- 
tomy were: ( a ) pupillary dilation on the 
operated side, (b) failure of the iris to con- 
tract after exposure of the retina to strong 
h Q ht, (c) sensitivity to 0.5% pilocarpine and 
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TABLE I 


Cat No. 

Ciliary 

ganglion- 

eetomy 

Superior 

Cervical 

gangiion- 

ectomy 

Effect of neostigmine bromide (5%) instilled locally 
denervated iris muscle 

into 

eyes with 


Days 




Weeks 

r 1 2 3 4 

6 7 

8 

9 10 14 

^3 

4 10 

1 

X 





0 



o 

X 





0 



3 

X 





0 


+ 

•1 

X 




0 



+ 

6 

X 



0 




+ 

7 

X 



0 




+ 

8 

X 



0 




+ 

10 

X 

X 







11 

X 

X 

4 * 4 " 






13 

X 

X 







13 

X 

X 

++ ++ 




0 


14 

X 

X 

++ 






15 

X 

X 

++ ++ 0 0 


0 




16 

X 

X 

-f-+ o 






17 

X 

X 

+ + 0 







0 = No response to 5% neostigmine bromine. 

= Normal response to 5% neostigmine bromine. 
— - Increased response to 5% neostigmine bromine. 


20% mecholyi on the operated side, and (d) 
failure of 2% physostigmine to constrict this 
pupil. 

Pupillary diameters (horizontal) were 
measured with a millimeter rule, in the 
dimmest light compatible with accurate read- 
ing; this light was kept constant throughout 
the experiments. Five per cent neostigmine 
bromide was used throughout; 2 drops were 
instilled into the conjunctival sac of the eyes 
on both the norma! and operated side. 

Results. The effect of neostigmine upon 
the operated eyes is shown in Table I. In 
cats No. 1 to No. 8 the left ciliary ganglion 
had been removed and in cats No. 10 to 
No. 17 both the ciliary and superior cervical 
sympathetic ganglia had been extirpated. 
While complete data covering a period of 3 
months are not available on any single cat, 
the results obtained in this series of 15 cats 
indicate: 

(1) In the first 1 to 3 days postoperatively 
the denervated iris is unusually sensitive to 
neostigmine, the denervated side constricting 
much more fully than the normal side 
(Table I). 

(2) After the 2nd or 3rd day following 
ciliary gangiionectomy the iris becomes insen- 
sitive to neostigmine whether the ciliary alone 
or this plus the superior cervical sympathetic 


ganglia had been removed. 

(3) By the 10th week (and possibly 
earlier) the “denervated” side had recovered 
its ability to respond to neostigmine. 

We made no attempt to determine the 
earliest time at which pilocarpine sensitivity 
appeared following ciliary gangiionectomy but 
when this drug was instilled for the first time 
7, 8, 9, or 14 days postoperatively, sensitivity 
already existed. Reactions to physostigmine 
were similar to those to neostigmine in even- 
instance in which both were measured. 

Comment. Alter an initial period of sensi- 
tivity to neostigmine (which was probably 
due to traumatic injury to the postganglionic 
fibers) the denervated pupil failed to respond 
to 5% neostigmine. Later (2)4 months) 
neostigmine again produced pupillary constric- 
tion; this was probably due to regeneration of 
postganglionic fibers from ganglion cells still 
present in the distal nerve trunk. 

The failure of the denervated pupil to 
react to neostigmine proves that in the con- 
centration and by the route employed, neostig- 
mine has no direct action upon the circular 
muscle of the iris. Even when the dilator 
sympathetic tone (which might oppose a weak 
constrictor effect of neostigmine directly on 
the iris) was removed, neostigmine was still 
without effect. The action of physostigmine 
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was similar in all respects to that of neostig- 
mine. The studies on physostigmine confirm 
those carried out by Anderson 1 though the 
latter have been erroneously interpreted by 
Meyer and Gottlieb 11 as evidence of a direct 
action of physostigmine on the iris. 

The action of physostigmine and neostig- 
mine therefore is one wholly due to inactiva- 


3 Meyer, II. II., ami Gottlieb, It., Vic Expcri- 
mentdlc Pharmakologic, 8tU edition, 1933, Berlin, 
page 189. 


tion of cholinesterase, and consequent preserva- 
tion of stimulant quantities of acetylcholine. 
For the production of acetylcholine, some or 
all of the ganglion cells must be intact or there 
must exist some local stimulation of post- 
ganglionic fibers. 

Conclusion. Neostigmine (prostigmin) does 
not stimulate the denervated iris muscle of 
the cat. It causes miosis only when some or 
all of the ciliary (parasympathetic) ganglion 
cells are intact or when the postganglionic 
fibers are stimulated. 
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Effect of Intermittent Exposure to Simulated High Altitude in 
Erythropoiesis in the Guinea Pig.* 

Arthur V. Jensen and Howard L. Alt. 

From the Institute of Neurology and Department of Medicine, Northwestern University 

Medical School, Chicago, 111. 


Investigations on the effects of intermittent 
exposure to high altitudes have been pursued 
only since 1938 when Armstrong and Heim 1 
subjected rabbits to a simulated altitude of 

18.000 feet, 4 hours daily for 5 weeks. Their 
animals failed to show an increase in red 
blood corpuscles in adaptation to the lowered 
oxygen tension. They also found 2 that young 
men exposed intermittently to an altitude of 

12.000 feet showed evidence of only slight 
acclimatization. On the other hand, Stickney 
and his collaborators 3 ’ 4 found that dogs sub- 
jected discontinuously to an altitude of 18,000 
feet for 16 weeks did exhibit an increase in 
the amount of hemoglobin and number of red 
blood corpuscles. 

* Aided by a grant from the National Founda- 
tion for Infantile Paralysis, Inc. 

1 Armstrong, H. G., and Ileini, J. W., J. Aviat. 
Med., 1938, 9, 92. 

2 Armstrong, H. G., Principles and Practice of 
Aviation Medicine, William s and Wilkins Co., 


Baltimore, 1913. . 

a Stickney, J. C„ and Van Bieve, E. J., J. Aviat. 

Med., 1942, 13, 170. D w an d Van 

i Stickney, J. 0., Aoiuirup, , 

Liere, B. J., Pswc. Soc. Exp. Biol, and Med., 

1943, 54, 151. 


The purpose of this report is to present 
further data from a different species, the 
guinea pig. At first our study was incidental 
to an investigation of the effect of exposure to 
simulated high altitude on the structure of 
the brain 5 and we made hemoglobin deter- 
minations only. Later the blood study was 
expanded, though done in conjunction with 
the neurological study; the same animals were 
used in both problems. 

Material and Methods. Fifty-eight young 
adult male guinea pigs were used- Twenty-six 
of these served as controls; the remainder 
were subjected to discontinuous exposures to 
air at lowered barometric pressure for 6 hours 
daily, except Sunday. In the first experiment 
the simulated altitude was 23,000 feet (307 
mm Hg pressure) ; in the second experiment, 

30,000 feet (225 mm Hg pressure). 

The conditions of the concurrent neuro- 
logical experiment required that 3 to 6 animals 
be sacrificed periodically as the whole series 
accumulated exposure time. In the first 
experiment, groups were sacrificed after 100, 
200, 300, and 500 hours of exposure. In the 

swindle, W. F., and Jensen, A. V., J. Aviat. 
Med., 1945, in press. 
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TABLE I. 


Changes in Mean Hemoglobin Content of tlie Blood During Discontinuous Exposure to Siinu- 

lated High Altitude. . 


Group 

No. animals 

Altitude 

feet 

X 1000 

Exposure 

time, 

lir 

Hb. 

g/100 ce 

a 

Controls 

17 



14.4 

-+- 0.S9 

A 

3 

■23 

100 

19.5 

-+- 0.40 

B 

3 

30 

100 

18.3 

-+- 1.53 

C 

4 

■23 

204 

25.5 

2.3S 

D 

4 

23 

300 

2(3.5 

1.00 

E 

4 

23 

500 

25.2 

0.97 

F 

6 

j 23 

100 j 

24.4 

± 1.19 



1 30 

ioo 5 



G 

4 

30 

200 

24.5 

-+- 1.91 

H 

4 

30 

250 

22.9 

rt 1-17 


second experiment groups were sacrificed at 
100, 200, and 250 hours. Six other animals 
received 100 hours at 23,000 feet followed by 
100 hours at 30,000 feet. 

Blood studies were made on each animal 
just before it was killed 17 to 24 hours after 
the last exposure to reduced oxygen tension. 
Normal controls for each group were sacrificed 
at the same time and in the same manner. 
All studies were made on cardiac blood which 
was placed in a bottle containing an ammo- 
nium potassium oxalate mixture. The hem- 
oglobin was determined by the Hellige-Sahli 
method, with an instrument calibrated by the 
oxygen capacity technic. The erythrocyte 
counts were performed with U. S. Bureau of 
Standards pipettes and chambers. Hematocrit 
determinations were made in the Wintrobe 
tube. Centrifugation was carried out at 2800 
revolutions per minute for 30 minutes. After 
vital staining reticulocytes were estimated on 
unstained dried smears. 

Results. The data from both experiments 
are presented in two tables. Table I shows 


the average hemoglobin values for each group 
of experimental animals and 17 controls. The 
table indicates that following 100 hours of 
exposure to 23,000 feet (A) or 30,000 feet (B) 
the amount of hemoglobin was essentially the 
same, about 19 g per 100 cc. Within the 
limits of experimental error both values were 
equal. After 200 hours exposure to either 
altitude, (C and G) there was no further 
increase of significance. Even after 500 hours 
(E) the amount of hemoglobin did not increase 
over that found after 200 hours, about 25 g 
per 100 cc. After 100 hours at either altitude 
the animals were about one-half acclimatized; 
after 200 hours at either altitude, or a com- 
bination of the two altitudes (F) the animals 
were fully acclimatized. 

In Table II all data on the blood picture are 
summarized. The figures represent average 
values for each group. Each group is desig- 
nated by a letter corresponding to those in 
Table I. Average values for 9 normal controls 
are presented for purposes of comparison. The 
groups have been placed in the table, so far as 


TABLE II. 


Average Changes In Blood Values Obtained During Discontinuous Exposure to Simulated Higli Altitude. 


Group 

No. 

animals 

Altitude, 

feet 

X 1000 

Exposure 

time, 

lir 

mil. 

Hb., 
g/100 ec 

Hemat., 

Cf 

20 

Betic., 

% 

Spleen 

wt., 

gAg 

Control 

9 



5.07 

13.7 

43 

0.9 

1.67 

B 

3 

30 

100 

6.51 

1S.3 

(50 

1.3 

2.39 

F 

0 

j 23 

100 j 








) 30 

100 j 

7.70 

24.4 

76 

1.1 

3.26* 

G 

4 

30 

200 

9.04 

24.5 

79 

1.4 

2.09 

H 

4 

30 

250 

S.15 

22.9 

72 

3.2 

2.25 

E 

4 

23 

500 

S.19 

25 2 

72 

2.5 

3.49 


Avg of 4 animals. 
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possible, in the order of severity of exposure 
to lowered oxygen tension. 

An increase in number of red- blood cor- 
puscles and in hematocrit and hemoglobin 
values proceeds up to 200 hours of exposure 
time after which there is a leveling off. 
Neither 230 hours at 30,000 feet or 500 hours 
at 23,000 feet caused an increase over the 
values obtained for 200 hours at 30,000 feet. 
A greater degree of reticulocytosis was ob- 
tained following the more severe experimental 
conditions (H and E). Enlargement of the 
spleen occurred. 

The maximum number of red blood cells 
encountered in any animal was 10.04 million. 
This animal had a hemoglobin value of 26.0 g 
per 100 cc and an hematocrit of 87%. The 
animal belonged in Group G. Several other 
animals from this and other groups also showed 
increases of almost 100% over the mean con- 
trol values for hemoglobin, red corpuscles and 
hematocrit. These values are similar to max- 
imal values seen in patients with polycythemia 
vera. 

Comment. The results obtained in this 
study demonstrate that an extraordinary de- 
gree of polycythemia may be produced by 
intermittent exposure to simulated high alti- 
tude. Among the 32 experimental animals 
subjected to varied grades of severity of ex- 
perimental conditions there was no single 
animal in which a notable increase in amount 
of hemoglobin and red blood corpuscles did 
not occur. It should be borne in mind that 
the animals were exposed to low oxygen ten- 
sions for only 6 hours a day and 6 days a 
week. The degree of anoxia used was much 
greater than man can tolerate; e.g., man 
cannot ascend to altitudes over 18,000 feet 
for more than a few minutes at a time without 


experiencing impairment of psychological and 
physiological functions, unless he is breathing 
airenriched.with-oxygen.^Armstronglstatefc-. 
that at an altitude of 25,000 feet death may 
occur in man at any time after 20 to 30 min- 
utes. At 30,000 feet the guinea pigs behaved 
lethargically and exhibited a moderate hyper- 
pnea when active, but they were otherwise 
apparently normal. So long as they remained 
quietly huddled in their usual position no 
physiological distress was observed. They 
could even make a small amount of movement 
without deleterious effects. With greater exer- 
tion, however, they fell upon their sides and 
remained there with legs outstretched and 
apparently in a coma for 30 to 60 seconds, 
afterwards righting themselves and remaining 
quiet. It appears, therefore, that the critical 
altitude for the guinea pig lies at about 30,000 
feet. Its “ceiling” is something more than 
5,000 feet higher than that of man. 

The enlargement of the spleens in these 
animals is probably related to the polycythe- 
mia. Our results on this point support the 
continuous exposure experiments of Van Liere 
on guinea pigs, and the experiments of Van 
Liere and Stickney 7 on dogs. 

Conclusions. Guinea pigs exposed to simu- 
lated altitudes of 23,000 and 30,000 feet 6 
hours a day and 6 days per week became 
fully acclimatized after 200 hours, as shown 
by maximal increase in the values for red cor- 
puscles, hemoglobin, and hematocrit. Reticulo- 
cytosis and enlargement of the spleen were 
also demonstrated. 


0 Van Liere, E. J., Am. J. Physiol, 1936, lift 
290. 

~ Van Liere, E. J., and Stickney, J. C., J. Avidt. 
Sled., 1943, 14, 194. 
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R. E. Gray, M. I. Grossman, and H. E. Robinson. (Introduced by A. C. Ivy.) 
From the Department of Physiology, Xorthwestern University, and the Sescarch Laboratory, 

Swift and Co., Chicago, 111. 


It has recently been shown 1 that extracts 
of the upper intestine of hogs are effective 
when administered orally in preventing jejunal 
ulcer in dogs subjected to the Mann-William- 
son operation. This investigation was under- 
taken to determine whether these intestinal 
extracts contain any of the chick anti-gizzard 
erosion factor. 

Methods. The intestinal extract used in 
this study was material which had been shown 
to be effective in preventing ulcer in Mann- 
Williamson dogs. Its preparation consisted 
essentially of extracting the upper small intes- 
tine of hogs with 0.4% hydrochloric acid, 
concentrating this extract in vacuo, and drying 
of the concentrate from the frozen state. The 
dried extract was fed as 5% of a ration known 
to produce gizzard erosion in chicks. 

One-day-old White Rock chicks were dis- 
tributed at random into two groups of 20 
chicks each. Group 1 was fed the control 
ration, and Group 2 was fed the test ration, 
consisting of the control ration supplemented 
with 5% of the dried extract. The basal 
ration, modified slightly from one used by 
Miller and Hammond, 2 had the following 

l Ivy, A. C., Fed. Proc., 1945, 4 , 222. 

- Miller, D., and Hammond, J. C., Poultry Sci., 
1942, 21 , 317. 


composition: ground yellow com 39.9%, 
ground whole wheat 21.0%, dried skim milk 
10.0%, meat and bone scraps 10.0%, soy- 
bean oil meal 10.0%, alfalfa leaf meal 3.0%, 
dried brewer’s yeast 2.0%, steamed bonemeal 
3.0%, salt 1.0%, and vitamin A and D feeding 
oil (3000 USP units vitamin A and 400 AOAc 
chick units vitamin D per gram) 0.1%. The 
chicks were banded and weighed individually 
at the start of the experiment, at 2 weeks of 
age, and at 4 weeks of age when the experiment 
was concluded. The average weights of the 
birds at 4 weeks of age were for Group 1, 226 
g, and for Group 2, 238 g. The chicks were 
killed by decapitation and examined for giz- 
zard erosions. The incidence of erosions in 
Group 1 was found to be 75%, and in Group 2, 
67%. The severity of the lesions was about 
the same in the two groups. 

A similar experiment with salt precipitated 
material (the “A” precipitate of Greengard 
and Ivy 3 ) also gave negative results when fed 
at a 5% level in this ration. 

Summary. The intestinal extract used in 
this study apparently was not effective in 
preventing gizzard erosion in chicks. 

3 Greengard, H., and Ivy, A. C., Am. J. Physiol., 
1938, 124 , 427. 
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Fig. 1. 



A. Typical maximal lesions in liver of rat 24 hours after injection 
of .1 ee carbon tetrachloride subcutaneously. Foci of shrunken cells 
surrounded by markedly swollen cells. 



B. “Moderate” lesion observed 24 hours after injection of carbon 
tetrachloride and sodium glycollate. 




Fig. X. 

C. Minimal lesions (slight edema of some cells) after injection of 
carbon tetrachloride and glutathione. 


mentioned compounds. Aspartic acid, glu- 
tamic acid (both as sodium salt), sodium 
acetate, methionine, choline alone, and cho- 
line plus cystine did not afford significant pro- 
tection. 


A protective action against injury by carbon 
tetrachloride does not necessarily depend upon 
the presence of -SH in the agent tested, as 
was the case in studies previously reported 
and mentioned above concerning the protective 


TABLE I. 

Summary of Results of Experiments on Protective Action of Various Compounds Against Hepatic Injury 
by Carbon Tetrachloride. _____ 


Agent injected 


CCI 4 

0014 ' + Sod. thioglycollate 
CCI 4 + Sod. glycollate 
CC1( -f Disod. tliiomalate 
CClj 4- Disod. malate 
CCI 4 4- Sod. tliiosulpli. 

CCI 4 4- Disodaspartate 
CCJ 4 4- Disod. glutamate 
4 - methionine 
4 - choline 

4 - choline and cystine 


CCI4 

CClj 

CO4 


CCI4 + cysteiu 
CCI4 + glutathione 
CCI4 4 - Sod. acetate 


No. 


Degree of 
Protection. 
No. of rats 


Protection. 


No. rats 

Amt. 

(150 g rat) 

Sulphur, 
150 g rat 

showing 

maximal 

lesion 

Mod- 

erate 

lesions 

Slight 
or no 
lesions 

% with 
moderate 0 : 
no lesions 

15 

.1 cc 



13 

1 

1 

13 

13 

17.8 mg 

6.2 mg 

0 

O 

11 

100 

13 

14.8 ” 

— 

0 

1 

11 

84 

19 

29.1 ” 

6.2 mg 

11 

4 

4 

42 

14 

26 ” 

— 

8 

3 

3 

42 

10 

25 ” 

C.2 mg 

7 

1 

0 

30 

5 

55.2 ” 

— 

4 

1 

0 

20 

5 

00 ” 

— 

4 

1 

0 

20 

19 

00-120 mg 

12.4-24.8 

18 

0 

1 

5.3 

3 

40 mg 

— 

3 

0 

0 

0 

8 

30 ’ ’ choline 

25 ” cystine 

( per os) 

6.2 

S 

0 

0 

0 

13 

34.5 mg 

6.2 

S 

2 

3 

38 

10 

GO ” 

6.2 

4 

2 

4 

CO 

9 

116 ” 

— 

8 

0 

1 

11 


Vll rats received A cc carbon tetrachloride per 150 g weight in addition to other injections. 
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action of protein and other agents against 
chloroform injury of the liver in dogs. The 
intracellular disturbances in the liver occa- 
sioned by chloroform and carbon tetrachloride 
intoxication respectively probably represent 
different phenomena. Evidence for this is the 
fact that a protective action was observed for 
both sodium thioglycdUate and sodium giy- 
collate against carbon tetrachloride injury in 
rats whereas in experiments in dogs with 
chloroform injury, sodium thioglycollate 
afforded protection but none was observed 
with sodium glycollate, indeed the liver ap- 
peared to be injured by this substance (un- 
published experiments). Conversely, methio- 
nine afforded protection against chloroform 
injury in dogs but did not afford protection 
against carbon tetrachloride injury in rats. 

Summary. Several agents were tested for 
protective action against carbon tetrachloride 


injury of the liver in rats. Marked protection 
was obtained with sodium thioglycollate, ap- 
preciable protection with glutathione, mod- 
erate protection with sodium thiomalate, and 
slight protection with cystein — all sulphydryl 
compounds. Sodium glycollate and sodium 
malate afforded protection comparable to their 
sulphydryl homoiogues. Methionine, and cho- 
line plus cystine did not afford protection. 
Other non-sulphydryl compounds, i.e„ sodium 
thiosulphate, aspartic acid, glutamic acid, 
choline, and sodium acetate afforded no pro- 
tection. 

A protective action against carbon tetra- 
chloride injury of the liver in rats is not as 
closely related to the presence of — SH in the 
test agent as previously was observed for the 
protective action of certain compounds against 
hepatic injury by chloroform in the dog. 
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Blood Pressure Changes During Electronarcosis. 

A. van Harreveld and W. B. Dandliker. 

From the William G. Kercklioff Laboratories of the Biological Sciences, California Institute of 

Technology, Pasadena. 


The blood pressure during the first phases 
of electronarcosis 1 shows large and compli- 
cated variations, mainly caused by the simul- 
taneous stimulation of the sympathetic system 
and the vagus nerves. 1 ' 3 The possibility that 
humoral mechanisms, other than those at the 
autonomic nerve endings, are active in pro- 
ducing these pressure changes, is here con- 
sidered. 

1 Frostig, J. P., van Harreveld, A.. Reznick, S., 
Tyler, D. B., and Wiersmn, C. A. G., Arch. Neurol. 
Psych., 1944, 51 , 232. 

-Bikeles, G., and Zbyszev.sk', L., Arch. f. d. ges. 
Physiol., 1920. 182 , 157. 

a Ivy, A. C., and Barry, F. S., Am. J. Physiol., 
1932, 99, 298. 

4 Boos, J., and Koopmans, S„ V ct. J., 1934, 
»0, 232. 

3 van Harreveld. A., and Kok, D. J., Arch. Nccrl. 
•lc Physiol, 1934, 19 , 24. 


Method. Electronarcosis was produced by 
applying a 60-cycle alternating current to the 
brain through electrodes placed on both sides 
of the head directly behind the eyes. As 
usual, a relatively high current, in most cases 
150 ma, was applied for the first 30 seconds, 
and then decreased to about 30 ma for the 
rest of the electronarcosis. Rabbits were used 
exclusively. 

Recording mercury manometers were used 
for the registration of the blood pressure. 
Fastusol 0 was used to prevent blood clotting 
during the recording as well as in crossed cir- 
culation experiments. 

The Blood Pressure Changes During Elec- 
tronarcosis. On starting the high initial cur- 
rent, the blood pressure drops due to vagus 
inhibition, causing arrest of the heart. After 

’* Hudcll, \\\, Science, 1939, 89, 349. 
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Fig. l. 

C. Minimal lesions (slight edema of some cells) after injection of 
carbon tetrachloride and glutathione. 


mentioned compounds. Aspartic acid, glu- 
tamic acid (both as sodium salt), sodium 
acetate, methionine, choline alone, and cho- 
line plus cystine did not afford significant pro- 
tection. 


A protective action against injury by carbon 
tetrachloride does not necessarily depend upon 
the presence of -SH in the agent tested, as 
was the case in studies previously reported 
and mentioned above concerning the protective 


TABLE I. 

Summary of Results of Experiments on Protective Action of Various Compounds Against Hepatic Injury 

by Carbon Tetrachloride. 


Ag cut injected 


CC1 4 

CCli' + s °d. thioglycollate 
CCI4 + Sod. glyeollate 
CCli 4- Disod. thiomalate 
CC1| + Disod. malate 
CCI4 + Sod. thiosulph. 

CC1, + Disodaspartate 
CCI4 4- Disod. glutamate 


CCI4 

CCI4 

CCI 4 


CCL 


4- methionine 
4- choline 


4- cystein 

CCI4 4- glutathione 
CCI4 4- Sod. acetate 

- All rats received .1 ee 


No. 


Degree of 
Protection. 
No. of rats 


Protection. 


Ho. ruts 

Amt. 

(150 g rat) 

showing 
Sulphur, maximal 
150 g rat lesion 

Mod- 

erate 

lesions 

Slight 
or no 
lesions 

% with 
moderate or 
no lesions 

15 

.1 cc 

— 13 

1 

1 

13 

13 

17.8 mg 

6.2 mg 0 

0 

11 

100 

13 

14.S ” 

O 

1 

11 

84 

19 

29.1 ” 

6.2 mg 11 

4 

4 

42 

14 

26 ” 

— 8 

3 

3 

42 

10 

25 ” 

6.2 mg 7 

1 

O 

30 

5 

55.2 ” 

— 4 

1 

0 

20 

5 

60 ” 

— 4 

1 

0 

20 

19 

60-320 mg 

12.4-24.8 18 

0 

1 

5.3 

3 

40 mg 

— 3 

0 

0 

0 

3 S 

30 ” choline 

25 ’ ’ cystine 

(per os) 

6.2 8 

0 

0 

0 

13 

34.5 mg 

00 " 

6.2 S 

2 

3 

38 

10 

6.2 4 

0 

4 

60 

9 

116 ” 

— 8 

0 

1 

11 

rbon tetrachloride per 150 g 

weight in addition to other injections. 
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mum within the first 30 seconds of high initial 
current (Fig. 1). With vagi severed or 
intact the blood pressure drops, sometimes 
considerably below the prenarcotic value, after 
the current is decreased to the 30 ma main- 
tenance level. In the further course of elec- 
tronarcosis a second increase of blood pressure 
usually develops which reaches its maximum 
2 to 3 minutes after the start. Neither the 
respiratory arrest (if not too prolonged) nor 
the strong convulsions present during the first 
phases of electronarcosis have a pronounced 
effect on the course of the blood pressure 
changes, since continuous artificial respiration 
applied to the completely curarised* animal 
does not alter materially these changes. 

The sudden drop in blood pressure is clearly 
related to the change from high to maintenance 
current, since it is delayed when the initial 
high current is prolonged. If the high current 
is maintained for two minutes, for instance, 
the pressure, after reaching a maximum within 
the first 30 seconds, decreases slowly until the 
current is cut, when it drops quickly below 
the prenarcotic value (Fig. 2). (This experi- 
ment was performed in the curarised animal 
under artificial respiration, since the con- 
tinued high current prevents the return of 
spontaneous respiration.) 

Humoral Mechanisms in the Blood Pressure 
Changes During Electronarcosis. The release 
during electronarcosis of vasoactive substances 
has been studied in crossed circulation experi- 
ments. A symmetrical double carotid-jugular 
anastomosis was made between electro- 
narcotised and test rabbits. The blood streams 
were so regulated that the blood pressure in 
each animal remained constant, indicating an 
equal flow in both streams. The flow into the 
test rabbit, which passed through a flow meter, 
was in most experiments of the order of 100 
cc/minute, and was kept constant by a screw 
clamp regulator, despite blood pressure changes 
in the electronarcotised animal. In this way 
blood pressure changes in the test rabbit from 
mere changes in its blood volume were pre- 
vented. In both animals the vagus nerves 
were severed bilaterally. 


* Iutocustrin (E. R. Squibb and Sons, New York) 
was used. 


Fig. 3 I is an example of such an experiment. 
About 8 seconds after the start of electro- 
narcosis the blood pressure of the test animal 
starts to rise, reaching a maximum in about 
30 seconds, after which the pressure slowly 
returns to its original level. The injection of 
10 r ' 5 g adrenaline in the jugular vein of the 
animal previously subjected to electronarcosis, 
causes the blood pressure increases of Fig. 3 II. 

The rise in pressure in the test rabbit is 
largest during the first current application; on 
repetition at intervals of 10 minutes it soon 
vanishes, though the pressure changes in the 
electronarcotised animal remain essentially 
alike. 

Ellis and Wiersma" have shown that electro- 
narcosis increases the release of tropic hor- 
mones of the pituitary gland. The blood 
pressure rise in the test rabbit might therefore 
be due to pitressin. This possibility was 
investigated by recording the blood pressure 
in animals in which the nervous connections 
of the head with the body were severed as 
completely as possible. A high spinal transec- 
tion (C 5) was performed 2 days before the 
experiment, and vagus and phrenic nerves! 
were severed shortly before applying electro- 
narcosis. In such animals the effect of electro- 
narcosis on the blood pressure was minor, 
indicating that a hypophyseal effect, if present 
at all, is a negligible factor in the pressure rise. 

The strong excitation of the sympathetic 
system during electronarcosis probably causes 
a release of adrenaline (and perhaps of 
sympathin) in the general circulation; and 
this substance may cause the blood pressure 
rise in the test animal in the crossed circula- 
tion experiments. 

Conclusions. A comparison of the blood 
pressure rises in the electronarcotised and test 
animals during electronarcosis and after the 
injection of 10" 3 g adrenaline (Fig. 3 I and II) 
shows that the rise during electronarcosis 

i Ellis, C. H., and Wiersma, C. A. G., Pltoc. Soc. 
Exp. Biol, and Med., 1945, 58, 100. 

t Tbe circulation in the high spinal rabbit is so 
precarious that respiratory arrest often caused a 
considerable drop in blood pressure, probably by 
impairing the venous return to the heart. Artificial 
respiration, after severing the phrenic nerves, was 
therefore used. 
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Fig 1 Rabbit, 50 mg nembutal, 1 cc mtocostriii, vagus ner\es cut At “A*' 
a cunent of 150 ma is applied fox 30 see This is deci eased to 30 mi at 
and the current is cut at “C ” Time 6 sec Blood pressure in mm mercury. 

Fig 2 Preparation of the animal as m Fig 1 At “A” a cunent of 150 
ma is applied, which is cut after 2 minutes at “B 99 

Fig 3, I and II Crossed cn dilation experiment, 50 mg nembutal was ad 
ministeied to both animals, the electionarcotised rabbit obtained 1 cc mtocostrin 
(injected before the crossed tu dilation was established) Blood flow 110 
cc/imn The uppei blood pressuie lecoid is from the electionaicotised animal, 
the lower from the test labbit At “A” a cunent of 150 ma was applied, which 
was deciensed to 30 ma at “B , 99 and cut at “C ” Fig 3 II shows the effect 
of the injection of 10-5 gram adrenaline into the jugulai iem of the rabbit 
which was eleetronarcotised before 

a few seconds, the heart escapes and the blood ulation 

nressure rises considerably above the pre- After severing both vagi the blood pressure 
narcotic value because of the concomitant begins to rise almost immediately after the 
vasoconstriction induced by sympathetic stun- current is started, usually reaching a maxi- 
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TABLE I. 

Minimum Fungistatic Concentration of Fractions Preventing Growth of llicrosporon audouini in 

Sabouraud’s Medium. 


Total fat 

0.G % 

Free fattv acid 

0.05 % 

Bemainder 

5.0 % 

Free fatty acid 

0.05 % 

Steam distillate 

0.005 % 

J J 

<0.4 % 

Steam distillate 

0.005% 

First portion of frac- 
tionate distillation 

0.0005% 

) J 

0.005% 


cated that the material was not pure. The 
C:H relation roughly corresponded with that 
of aliphatic fatty acids, but a strong purple 
color with ferric chloride indicated the pres- 
ence of a phenolic compound. In each sample 
the neutral equivalent was higher than the 
molecular weight (camphor method), an indi- 
cation that the impurities were not acids. 
Strong unsaturation reaction was observed. 
No sulfur and only traces of nitrogen were 
present. 

In a third experiment we succeeded to 
separate the phenolic impurity by freezing the 
distillate. Upon warming it slowly a large oil 
droplet could be easily pipetted off from the 
top of the still hard frozen phenol. The oily 
drop gave no color reaction with ferric chloride 
and no unsaturation reaction. The phenolic 
impurity, causing these reactions in earlier 
samples, had no fungistatic action. 


The most active fatty acid fractions in our 
experiments inhibited the growth of .1/. 
audouini between 0.0002 and 0.00 1%. This 
is in the range of the fungistatic activity of the 
C", Q>, and Cn straight chain aliphatic fatty 
acids on the same fungus. 

At present the fat from 45 kg of hair is 
being fractionated. This amount possibly will 
be sufficient for separation and final chemical 
analysis of the fatty acids present in the active 
distillate. 

Summary. Hair fat of adults contains free 
saturated aliphatic fatty acids which inhibit 
the growth of M. audouini in concentrations 
of 0.0002 to 0.001%. Preliminary chemical 
analyses of the still impure fractions, molecular 
weight estimations, and the range of fungi- 
static activity indicate that the fraction con- 
tains saturated aliphatic fatty acids between 
C r and C u . 


TABLE IX. 

Quantitative Chemical Analysis of Fractional Distillation Products. 


Fraction* Fraction I* Fraction II Fractiout 
May, 1945 July, 1945 July, 1945 Oct., 1945 


H 

10.54% 

10.40% 

11.34% 

10.30% 

C 

GS.57% 

69.52% 

73.25% 

65.79% 

Neutral equivalent 

17G 

19S 

223 

159 

Molecular weight 

Test for phenolic group 

145 

154 

1S5 

133 

Purple color 

Test for unsaturation 

distinct 

distinct 

none 

none 

(KMiiO.() dccolorization 

Test for unsaturation 

very rapidly 

rapidly 

slowly 

very slowly 

(Br L .) decolorization 

slowly 

slowly 

slowly 

none 


* Contains jdienolic imparity. 
1 Phenolic impurity removed. 
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(after elimination of the vagus effect) can be 
explained only for a small part by hormonal 
mechanisms. It must be mainly a nervous 
phenomenon. 

The considerable drop in pressure, which 
occurs when the high initial current is reduced, 
may be due to a period of decreased respon- 
siveness of the sympathetic system after the 
strong stimulation. Normal stimuli and those 
set up by the lower maintenance current would 


then be unable to maintain the high or even 
the normal blood pressure. This is supported 
by the observation that, when electronarcosis 
is repeated at intervals of 10 minutes, this 
drop tends to become more marked. 

The second maximum in blood pressure 
(Fig. 1) may be caused by impulses pro- 
duced in the sympathetic by the smaller main- 
tenance current, after this system has recovered 
from the effects of the high initial current. 
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Fungistatic Action of Hair Fat on Microsporon audouini .* 

Stephen Rothman, Adelaide M. Smiljanic, and Arthur L. Shapiro. 

From the Section of Dermatology, Department of Medicine, University of Chicago, Chicago, III. 


In the last few years ringworm of the scalp 
caused by Microsporon audouini has been 
endemic among school children in the major 
cities of the United States. This infection 
disappears spontaneously with oncoming 
adolescence, and the scalp hair of adults is 
completely immune to the invasion of the 
fungus. The non-hairy skin remains suscepti- 
ble in adults. 1 It has been obvious that the 
change in susceptibility during adolescence 
is due to the sudden development of sebaceous 
glands of the scalp under the influence of sex 
hormones, and to the associated changes in the 
chemical composition of the sebum. In this 
laboratory it was attempted to trace these 
changes in order to find the explanation for 
the immunity of adults’ hair. 

Experimental. Hair of adults was pooled 
from barber shops and extracted with hot 
ether. The hair fat was added to Sabouraud’s 
agar medium in graded concentrations. The 
agar tubes were then inoculated with a stand- 
ard culture of M. audouini. It was found 
that hair fat had an inhibitory action on the 
growth of the fungus, and that the minimum 
concentration preventing growth was 0.5%. 
Examining the hair of medical students who 
did not use any hair tonic or pomade in a 

Products, Inc., Belleville, N.J. 

i Kotbnwr S-, Mygcia, 1945, 23, 430. 


one-week period between washing and cutting 
the hair, we ascertained that the fungistatic 
effect was not caused by extraneous material. 
Fat from children’s pooled hair had yi the 
fungistatic action of adults’ hair fat. 

Adults’ hair fat was fractionated and the 
activity of the fractions was assayed on ill. 
audouini cultures (Table I). By treating the 
fat with cold 1% NaOH the free fatty acid 
fraction was split off. This fraction contained 
the whole fungistatic principle whereas the 
remainder, containing neutral fats, cholesterol, 
and other unsaponifiable material, was inac- 
tive. Subsequently, steam distillation of the 
free fatty acid fraction was carried out, and 
the active principle was recovered from the 
steam distillate. The final step was fraction- 
ation of the steam distillate. The first frac- 
tion distilling over between 90 and 105°C at 
1 to 2 mm Hg pressure contained most of the 
fungistatic material. 

This active fraction was isolated in 2 sep- 
arate experiments. In both cases 12 kg of 
hair was used. The yield of active fraction was 
20.3 mg and 35.5 mg respectively. A second 
fraction (55.5 mg) distilling around 110°C 
was isolated once and had similar fungistatic 
power to the lower boiling fraction. Micro- 
analysis of these samples (Table II) t indi- 

t Mieroanalyses were performed by Dr. T. S. Jfa, 
Department of Chemistry. 
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animals were totally adrenalectomized, given 
1 % salt solution and kept on the deficient diet. 
Four to 6 days after adrenalectomy, the hair 
follicles in the 6 surviving animals became 
active as shown by the pigmentation through 
the skin and 12 to 14 days after the operation 
well pigmented hair began appearing externally 
on the 4 surviving animals. Hair failed to 
regrow on the 2 rats which were not adrenalec- 
tomized. Thus hair better in quality and 
darker in pigmentation resulted in all of the 
adrenalectomized animals. 

After the hair bad been removed in twenty 
22-day-old rats, the adrenals were transplanted 
via the dorsal approach into the kidneys as 
in previous experiments. 8 The animals were 
kept on the deficient diet and 1% solution of 
sodium chloride served as drinking water for 
5 or 6 days after the operation. Ten unop- 
erated littermates with the hair removed from 
their backs were kept in the same cages. Sparse 
and dull gray hair appeared on the 18 sur- 
viving operated rats and the 10 unoperated 
between the ages of 45 and 60 days. Rats in 
which the adrenals were transplanted to the 


kidneys were sacrificed after the appearance 
of the hair. Histological sections of the kid- 
neys showed the persistence of cortical material 
of the adrenal transplant and the absence of 
the medullary portion. The well pigmented 
hair of good quality following total adrenalec- 
tomy in the previous experiments can not 
therefore be due to the absence of the medul- 
lary portion of the adrenal but must be related 
to the absence of the cortex of the adrenal. 

Summary. Graying of the hair results in 
black rats fed a vitamin B-complex-free diet, 
supplemented with thiamine, riboflavin, and 
pyridoxine. New hair growing in after the 
ablation of both adrenal glands in rats kept 
on such a deficient diet is again well pig- 
mented. To determine whether the increased 
pigmentation was due to the lack of the 
medullary or cortical portion of the adrenal, 
the adrenals were transplanted into the kid- 
neys. The medullary portion of the adrenal 
degenerated, the cortex persisted, and poorly 
pigmented hair grew on the animals. Thus the 
lack of the cortex was related to the increased 
pigmentation following adrenalectomy. 
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Effects of Adrenalectomy on Pigmentation of Hair in Rats Fed a 

Deficient Diet. 

Earl 0. Butcher. 

From the Department of Anatomy, College of Dentistry, Xcw York University. 


It has been reported by Ralli and Graef 1 
that graying of the hair in black rats will 
result from feeding a vitamin B-complex-free 
diet, supplemented with thiamine, riboflavin, 
and pyridoxine, but that new hair growing in 
after the ablation of both adrenal glands in 
rats kept on such a diet will again be well 
pigmented. No attempt was made by them 
to determine whether the pigmentation was 
due to the absence of the medulla or the cortex 
of the adrenal. Growth of the hair was also 
accelerated following adrenalectomy, confirm- 
ing my earlier work.- More recently Spoor 
and Ralli :l presented some evidence that the 
adrenal cortex was involved in the metabolism 
of the melanin. They observed that adrenalec- 
tomized animals fed the deficient diet and 
treated with desoxycorticosterone acetate did 
not become pigmented to the same degree as 
did the adrenalectomized controls. 

The present investigation has been under- 
taken on rats fed a vitamin B-complex-free 
diet, supplemented with thiamine, riboflavin, 
and pyridoxine, to learn which part of the 
adrenal is related to the pigmentation follow- 
ing adrenalectomy. 

Procedure and Results. In the present 
experiments hooded rats of the Long-Evans 
strain were used. They were kept on the 
deficient diet which consisted of casein 18%, 
sucrose 68%, vegetable oil 10% and salt mix- 
ture 4%, to which was added daily about 
20 yg of thiamin chloride, 20 yg of pyridoxine 
and °60 yg of riboflavin. Each animal also 
received one drop of halibut liver oil once a 
week during the period of the experiments. 
It has been well established 1 ’ 4 ’ 3 - 0 ' 7 that rats 
maintained on this diet exhibit graying of the 


The hair was removed from the backs of 
12 rats with sodium sulphide when they were 
22 days old and they were kept on the deficient 
diet. Sparse and dull gray hair appeared on 


5 of the rats between the 45th and 50th days 
of life and on 4 of them between the 50th 
and 55th days. Very little hair regrew on the 
other 3 rats. Six litter-mates from which the 
hair was removed on the 22nd day and which 
were kept on a non-deficient diet (Purina dog 
chow) produced deeply pigmented hair usually 
on the 36th day of life. 

The hair was removed from the backs of 20 
other 24-day-old rats and they were com- 
pletely adrenalectomized via the dorsal ap- 
proach. 8 Ten littermates in which a mock 
adrenalectomy was performed served as con- 
trols. All rats were fed the deficient diet and 
given 1% sodium chloride as drinking water. 
By the 4th to 5th postoperative day the skin 
of the adrenalectomized animals developed a 
bluish color which was due to the growth of 
hair follicles with much melanin. Abundant 
and glossy black hair appeared externally on 
the 15 surviving adrenalectomized animals 
from the 34th to 38th days of life. Sparse 
and gray hair appeared on 6 of the controls 
from the 45th to 55th day's while practically 
no hair grew on the other 4 rats. 

When 10 rats which had been fed the defi- 
cient diet and on which the hair appeared 
externally from the 45th to the 50th days of 
life reached the age of 70 days, the hair was 
removed from their backs. Eight of these 


l Haiti, E. P., and Graef, I., Endocrinology, 

1943, 32, 1. 

- Batcher, E. O., Am. J. Phys., 1937, 120, 4-7. 
3 Spoor, H. J., and Ralli, E. L., Endocrinology, 

1944, 35, 325. 

r Emerson. G. A., and Evans, II. M., Pboc. Soc. 
Exp. Biol, a .v i> Med., 1941, 46, 055. 

3 Morgan, A. F., Cook, B. B., and Davison, H. G., 
J. Xulrition, 1938, 15, 27. 

o Morgan, A. F., and Simms, H. D., J. Xutntion, 

1940, 19, 233. 

7 Anna, K., Richards, C. V., and Sampson, . L., 
J. Xutrition, 1941, 22, 553. 

8 Butcher, E. O., Am. J. Phys., 1940, 129, 5d3. 
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